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Hose = Se s 
the possibility of this crop being suitable for the exploitation of hybrid vigour. 
Selection of suitable parents, which in addition to good combining ability must 
also combine the best agronomic features for seed quality, ear characters and straw 
strength, is an important step. 

Pioneering work in this respect has already been contributed by Engledow and 
Pal (1934) and Pal and Nek Alam (1938). The behaviour of the hybrids in 
comparison to the parents belonging to a single species of wheat has been studied with 
respect to grain yield, tillering and germination of the seeds. It is evident from 
these studies that there does exist some heterosis in wheat crosses. It has also been 
suggested that wheat exhibits heterosis more clearly than barley (Engledow and Pal, 
1934). Recent studies at the I.A.R.I., have also shown that hybrids between some 
Indian varieties and some exotic South American varieties like Rio Negro, Frontiera 
and others possess considerable heterotic vigour (Pal and Sikka, 1956). 
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To further advance such studies, an experiment was taken up by the authors 
where eleven rust resistant varieties of wheat, exotic and indigenous, were crossed 
with an improved variety, R.S. 31-1. The latter has been evolved by crossing C. 591 
and Jaipur local and enjoys wide suitability in many parts of Rajasthan. Apart 
from hybrid vigour in respect of different characters, the varieties were also assessed 
for their combining ability since one of the parents, R.S. 31-1, is common to all 
the crosses. 


MATERIALS AND METHODS 


The eleven rust-resistant exotic and indigenous parents used in the cross combina- 
tions have been utilised in the hybridisation programme in Rajasthan for evolving rust 
resistant varieties of wheat. Details regarding their rust resistance under Indian 
conditions and the place of their origin are given below: 


Variety Place of origin Rust Reaction 
E. G. 953 Egypt Resistant to black and yellow 
rusts. 
E. G. 954 Egypt Moderately resistant to all the 
three rusts. 
E. G, 1057 Egypt Resistant to black and modera- 
tely resistant to yellow rust. 
E. G. 1440 Egypt Resistant to yellow and brown 
rusts. 
Cometo semi- 
duro Argentina Resistant to yellow rust. 
Trigo centeira S. America Highly resistant to brown and 
yellow rusts. 
Kendee Australia Moderately resistant to black 
rust. 
C. 14112 Kenya Resistant to black rust. 
E. 220 Kenya Resistant to back rust. 
N.P. 790 India Resistant to black rust. 
N.P. 785 India Resistant to yellow rust. 


F, seeds of the eleven crosses were sown in the rabi of 57-58 in an uniform plot 
on the Government Agriculture Farm, Durgapura. Each hybrid row was accompanied 
by one parent on either side. It was not possible to replicate the experiment due to 
the small number of hybrid seeds available. Observations were recorded on the follow- 
ing characters: 1. Plant height in cm. from ground level to the base of the ear, 2. Mean 
number of tillers per plant, 3. Mean fodder yield of the plant in gm., 4. Mean maxi- 
mum length of the leaf blade at the second internode from the top (mean of the five 
leaves), 5. Mean maximum width of the same leaves in cm., 6. 100 grain weight of 
each plant in gm., 7. Mean number of spikelets per ear (mean of ten ears in each 
plant), 8. Mean length of the ear in cm. (mean of ten ears in each plant), 9. Mean 
grain yield per plant in gm., 10. Days taken from sowing to 75 per cent. flowering. 


RESULTS 
The mean percentage increase or decrease of the eleven hybrids over the mean 


of the respective parents and over the superior parent with regard to the different 
characters are given in tables 1 to 4. 
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Plant height—Except one hybrid, C. 14112 x R.S. 31-1, all the other hybrids 
have shown heterotic vigour for height, the F,;s being superior to the mean of the two 
parents and also the taller parent. Out of these, seven hybrids were significantly 
taller than the taller parent (Table 1). The percentage increase varied from 5-78 
to 27-27 over the mean of the two parents, while the maximum increase over the 
superior parent was only 20-54 per cent. In both the cases, the maximum values were 
obtained in the cross E.G. 1057 x R.S. 31-1. 

Tillering.—Extent of heterosis in respect of tillering varied from 5-82 per cent. 
to 82-35 per cent. in comparison to the mean of the corresponding parents and from 
1-58 to 55-55 per cent over the superior parent, the latter value occurring in the 
hybrid where E. 220, a Kenya variety, was the exotic parent. In five combinations 
the F, hybrids produced a significantly larger number of tillers than the better parent 
(Table 1). Three out of the eleven crosses, which involved the exotic parents, E.G. 953, 
C. 14112 and Kendee, have shown negative heterosis when compared to the superior 
parent. The hybrids, which have shown negative response or very slight increase 
in plant height over the superior parent, have also exhibited negative heterosis in 
respect of tillering. 

Fodder yield.—¥ive of the hybrid lines involving the exotics E.G. 954, E.G. 1057, 
Trigo centeira, E. 220 and N.P. 785, are seen to have produced more fodder than the 
superior parent, the range of variation in vigour being 3-23 to 35:00 per cent. How- 
ever, only in the cross E, 220 x R.S. 31-1, is the increase statistically significant 
(Table 1). The hybrid E; 220 x R.S. 31-1 has shown the maximum heterotic effect in 
tillering as well as fodder yield, whereas the hybrid C. 14112 x R.S. 31-1 has shown 
the maximum suppression of tillering and fodder yield. This suggests that tillering 
and fodder yield are closely related. Bhatnagar ef al., (1960) have also observed 
correlation between the yield of straw and the number of tillers in transplanted wheat. 

Leaf length and width.—The extent of hybrid vigour over the better parent varied 
from 2°29 to 21-75 per cent. in respect of leaf length and 2-35 to 13-38 per cent. in 
respect of leaf width. However, the differences were not significant (Table 2). If 
the first three hybrids in order of merit, which show either increase or decrease over 
the superior parents for both leaf length and width are considered (Table 5), it is found 
that the same hybrids show heterosis for both the characters, which indirectly shows 
the close association of these characters in inheritance. 

100 Grain weight—No conspicuous heterosis is observed for this character. 
Only four hybrids had heavier grains than the superior parent. The range of the 
increase was between 0°37 to 5-51 per cent. the maximum being shown by the hybrid 
E.G. 1057 x R.S. 31-1. The other seven hybrids showed reduction in grain weight 
ranging from 4:04 to 29:31 per cent. The hybrids, which have shown an increase in 
grain weight over the better parent, have not given an increased grain yield. This 
indicates that factors other than the grain weight may be important in obtaining 
increased grain yield. The same has also been observed by Argikar and Chavan (1957) 
in their study of sorghum hybrids. 

Spikelets per ear—Heterosis has been least effective in the expression of this 
character, since all the hybrids except two, have shown negative response when 
compared with the superior parent. Even in the two hybrids, N.P. 790 x R.S. 31-1 
and E.G. 953 x R.S. 31-1, where there is an increase over the superior parent, it is 
less than six per cent. Only the former is significantly superior over the better parent. 

Ear length.—Although all of the hybrids except one indicated positive hybrid 
vigour over the mean of the corresponding parents, only six of them were somewhat 
superior to the better parent. Maximum increase of 8-84 per cent. in comparison 
to the superior parent was exhibited by the bybrid E.G. 954 x R.S. 31-1, which is 
statistically significant (Table 3). The maximum depression has occurred in the cross 
C. 14112 x R.S. 31-1. In none of the hybrids, has the increase in ear length been 
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followed by an increase in the number of spikelets per ear, except in N.P. 790 x R.S. 31-1 
where there is an increase of about six per cent. in both the characters. 

Grain yield. Since the common parent in the present study is an improved local. 
variety in Rajasthan, this has given the highest grain yield over all the rust resistant 
parents used in the crosses and as such is the superior parent for all the cross com- 
binations. Ten out of the eleven hybrids are better than the mean of the correspond- 
ing parents while seven hybrids have yielded 4-8 to 35-3 per cent. more than the 
superior parent though none were significantly superior to it. 

Days to 75 per cent. flowering.—All the ten hybrids observed have shown earlier ear- 
emergence than the corresponding late parent, the maximum being noticed in the 
hybrids, Kendee x R.S. 31-1 and E.G. 1440 xR.S. 31-1. All the exotic parents used in 
the crosses were late in comparison to the common parent, R.S. 31-1, which flowered 
in 78 days. The range in days taken by the rust resistant parents for 75 per cent. 
flowering varied from 87 to 110 days. None of the hybrids eared earlier than the 
earliest parent, while five of the hybrids have eared in about the same number of days 
as the earliest parent, R.S. 31-1, showing the clear dominance of earliness in these 
crosses. 


TABLE 4 


* Observation regarding days taken for 75 per cent. flowering in parents and hybrids 


Percentage increase or 
decrease of F, over 


Parent or hybrid Mean value ————__—___ 
Mean of parents Superior parent 


1. E.G. 953 2 rie 90 nA a 

Oh Ge Oo. ola! ot 85 +1-19 Eee oe) 

3: E.G. 954 eg haa 99 as - 

4. E.G. 954 x RS. 31-1 87 —2-25 —12°-13 

ied 1 ae Cae (ew) ~ a 9] i ar 

6.. E.G..1057-x R:S.. 31-1 i 87 4-82 —4-40 

7. E.G. 1440 i An 105 as oe 

8. E.G. 1440 x R.S. 31-1 “23 84 —8-70 —20-00 

9. Cometosemiduro .. ay. 89 vs ne 
10. Cometosemiduro X R.S. 31-1.. 79 125-95 —11-24 
ll. Trigo centeira 3 o 110 3. di 
12. Trigo centeira x R.S. 31-1... 88 —6 -38 —10:91 
13. N.P. 790 A bit 87 Fe ws 
14. N.P. 790 x RS. 31-1 a3 80 —3-6l —8-04 
158 Be 2208s ai = 9] ww BY 
16.07 E2220: %6R.S.31-1 3) 78 —8°23 —14-29 
IZON. P7855 7a! 5a =i a wi 
18. N.P. 785 x R.S. 31-1 2 
19. ©. 14112 “3 oa 95 > oe 
90. C. 14112 x RS. 31-1 as 78 —10-35 —]17-89 
21. Kendee a: ‘4s 101 < as 
99. Kendee x R.S. 31-1 bh 80 —lI]°1l —20*79 
93, R.S. 3l-l : 78 ag bas 
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Combining ability—R.S. 31-1, a local improved variety of the place, has been 
used as common parent in the crosses studied in the present investigation and as such 
a good idea about the combining ability of the rust resistant parents with the common 
variety can be obtained. The hybrids with four Egyptian wheat exotics viz. E.G. 
953, E.G. 954, E.G. 1057 and E.G. 1440, with Cometo semiduro and Trigo 
centeira from Latin America and with E. 220 from Kenya, have given higher grain 
yields than the superior parent. The variety E.G. 1440 appears to possess the best 
combining ability for grain yield, since the hybrid resulting from its cross has recorded 
the highest grain yield. 


TABLE 5 


Details about the hybrids giving the highest and the lowest values over the superior parent 


Hybrid or Hybrids 
Showing First three in Showing First three in 
Characters highest orderofmerit lowest orderofmerit 
value showing the value showing the 
over the highest value overthe lowest value 
superior over the sup- superior over the sup- 


parent — erior parent parent erior parent 
1. Plant height ae 6* 6, 12, 14 20 xe 
2. Tillers sey se 16 16, 4, 8 20 20, 2 2e 
3. Fodder yield a 16 MA ee GR 20 20, 8, 14 
4, Leaflength .. % 14 14, 12, 4 27 22.20 280 
5. Leaf width .. a 12 12, 4, 6 20 20,107 22 
6. 100 grain weight = 6 On22 52 18 18, 16, 20 
7. Spikelets per ear = 14 14,2 20 20, 18, 8 
8. Earlength .. ~ 4 4,14, 12 20 20, 18, 8 
9. Grain yield .. ae 8 8, 4, 6 20 20, 14, 18 
10. Days to flower re aM 2 22+ 22, 8, 20 


*Numbers relate to hybrids in Tables 1, 2, 3 and 4. Over the late parents. 


As regards fodder yield, only five hybrids involving the exotics E. 220, N.P. 785, 
E.G. 954, E.G. 1057 and Trigo centeira, have given higher fodder yields over the best 
parent, the last three giving only a marginal increase of about 3 to 7 per cent. The 
Kenya variety E. 220, is the best combiner for fodder yield, since the hybrid involving 
this variety has given 35 per cent. increased yield over the superior parent and 72°76 
per cent. over the mean of the parents. 

Exotic E.G. 1440 which is the best combiner for grain yield, has shown very 
poor combination for fodder yield. Another interesting observation is that exotic 
C. 14112 from Kenya has shown a depressing effect on all the characters studied and 
* in most of the cases the reduction over the superior parent is the highest (Table 5). 


Discussion 


__ Although exploitation of heterosis in wheat is still beset with many practical 
difficulties for want of easy methods of emasculating and pollinating, the economic 
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importance of the crop and the pivotal role it plays in the dietary of the nation, makes 
it highly desirable that all possible attempts should be made to exploit hybrid vigour 
in this crop also. The present investigation, which records the hybrid vigour present 
in eleven wheat crosses, is one of the steps in this direction. 

Except in the characters, spikelets per ear, ear length and 100 grain weight, 
considerable heterosis is evident in all the other features like height, tillering, leaf length, 
leaf width, grain yield and fodder yield. For different characters different exotics 
have given the maximum increase in vigour over the superior parent, when crossed 
with the common parent. In grain yield per plant, seven hybrids have yielded more 
than the superior parent, R.S. 31-1, the increase ranging from 4°80 to 35-27 per cent. 
The highest yield has been observed where E.G. 1440 was the exotic parent. The next 
best exotic is another Egyptian variety E.G. 954, which has been responsible for giving 
about 29 per cent greater yield than R.S. 31-1. It is significant to note that none 
of the hybrids have yielded Jess than the respective inferior parent and only one, 
C. 14112 x R.S. 31-1, has proved inferior to the mean of the corresponding two 

arents. 

“ Among the components of grain yield, which have been considered in the present 
study, number of tillers seems to exert the maximum influence in obtaining increased 
grain yield in the hybrids. Only in the hybrid E. 220 x R.S. 31-1 is some reduction 
noticed but in this instance substantial decrease in 100 grain weight seems to be more 
responsible for decreasing the ultimate grain yield. The other yield components like 
spikelets per ear, ear length and 100 grain weight contribute the least to the higher 
grain yield of the hybrids in the present study. 

In respect of fodder yield only two of the hybrids—E. 220 x R.S. 31-1 and 
N.P. 785 x R.S. 31-1, have been able to manifest high heterotic vigour ranging from 
about 25 to 35 per cent. over the superior parent, but these two hybrids have actually 
been poor in their grain yield. Among the components of fodder yield like plant height, 
tillers, leaf length and leaf width, only increased tillers per plant appear to contribute 
towards the increase in fodder yield of the hybrids. 

In one hybrid, C. 14112 x R.S. 31-1, all the characters including the grain and 
fodder yield, have shown suppression and in seven out of the ten characters, reduction 
from the superior parent is maximum in this cross (Table 5). 

Although hybrid vigour upto a maximum of about 36 per cent. in grain yield 
has been obtained. in the present investigation and seven of the hybrids have out- 
yielded the superior parent, R.S. 31-1, further research is needed to explore a wider 
range of material with better genic combinations so that higher heterotic vigour may 
be obtained as has been noticed in the cross—pollinated crops like maize. 


SUMMARY 


Eleven rust resistant wheat varieties, exotic and indigenous, were crossed with a 
common parent, R.S. 31-1, an improved high yielding but rust susceptible local variety, 
for studying the hybrid vigour and the combining ability of the rust resistant 
parents. Observations were recorded for a number of characters like plant height, 
tillering, leaf length and leaf width, spikelets per ear, ear length, 100 grain weight, 
75 per cent. flowering, fodder yield and grain yield. 

Heterosis is evident in all the characters except ear length, spikelets per ear and 
100 grain weight. It is observed that hybrids gave increases in yield of grain from 4-80 
per cent. to as high as 35:27 per cent. and for fodder yield from 3°23 to 35-00 per cent. 
Highest value for heterosis has been observed in tillering where the hybrid E. 220 x 
R.S. 31-1 showed an increase of about 56 per cent. over the superior parent. 

The variety E.G. 1440 from Egypt has shown the best combining ability with 
R.S. 31-1 for grain yield whereas a black-rust resistant variety from Kenya, E. 220, 
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has shown the best combining ability in respect of fodder yield. Another variety 
from Kenya, C. 14112, has shown a depressing effect on all the characters studied and 
in seven of the characters the decrease over the superior parent is maximum in the 
cross involving this variety. 
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INHERITANCE OF SEEDLING RESISTANCE TO RACE 10 OF PUCCINIA 
TRITICINA ERIKSS. IN TRITICUM AESTIVUM CROSSES 


P. N. Bantu and S, P. Kou 
Wheat Breeding Substation, I.A.R.I., Simla 


Rusts are the most serious of all the fungal diseases that attack the wheat crop in India. 
Of the three rusts of wheat, black and brown cause greatest damage to the crop in 
the important wheat growing states. The latter is particularly severe under mild 
temperature conditions of the North Indian plains and low elevation hills. Of the 
prevalent races of brown rust in the country, viz., 10, 11, 17, 20, 26, 63, 10,° 175 106; 
107, 108 and 162, races 10, 20 and 63 are the most frequently encountered, (Mehta, 
1933; Vasudeva et al., 1955). Under the hybridization programmes for incorporating 
rust resistance, N.P. 770 and N-P. 809 were crossed with a number of foreign donors 
of resistance. ‘The available hybrid material was utilized for the study of the mode of 
inheritance of resistance to race 10. 

Though great strides have been made in the matter of breeding high yielding and 
superior quality wheats in India, the work for systematic breeding for resistance to rusts 
had been taken up somewhat later when the information regarding the prevalent race 
flora had been gathered. Very little is known regarding the mode of inheritance of 
resistance to brown rust races met with in this country. Of the large number of 
exotics tested for resistance to the brown rust races prevalent in India, Frontiera, 
Frondoso, and La Prevision among others have been found to be resistant and have 
been extensively used in the hybridization programmes under way for breeding for 
brown-rust resistance. 


MATERIALS AND METHODS 


As stated earlier, race 10 of P. triticina is quite widespread in its distribution 
in India. It was, therefore, considered desirable to study the mode of inheritance 
of resistance to this race, obtained from the two sources, viz., Frontiera ( E. 957 ) 
and La Prevision (E. 928) in crosses with N.P. 770 and N.P. 809 respectively. 

The studies were conducted during February to April, 1958 in the spore-proof 
glass-house at the Wheat Breeding Substation, Simla. A susceptible variety, Agra 
Local, as well as the parental varieties were inoculated ‘along with the crosses so as to 
enable comparison of their reactions with those of the hybrid seedling. Classification 
of plants was done according to the system proposed by Mains and Jackson (1926) 
and later modified by Johnston and Mains (1932). Resistant (0, 1 and 2), semi-resistant 
(2-3) and susceptible (3 and 4) classes were recognised. The individual plants of 
each set of material were re-observed for their rust reaction a few days after making 
the first observation. Brief description of the parents entering the two cross combinations 
studied are given below: 

Frontiera (E. 957) is a South American wheat that has been found to be 
resistant to the Indian races of brown rust viz., 10, 11, 17, 20, 26, 63, 70, 106, 107 and 
108 and susceptible only to races 77 and 162. The seedling reaction of Frontiera 
to race 10 was of types 0 and 0. 

La Prevision (E. 928) too is a South American variety that has been tested 
against brown rust races 10;—11,) 20>" 26, 63, 106,107 and 108 and found to be 
resistant to all of them. The variety showed 0 and 0; types of seedling reactions 
against race 10. 
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The seedling stage reaction of N.P. 770 against race 10 was of the types 3 
and 4. 

NV.P. 809 gave 3 and 4 types of seedling reactions when tested against race 10 
of brown rust. 

The parents, F,;, F, and F, generations of two crosses viz., (N.P. 770 x E. 957) 
and (La Prevision x N.P. 809) were studied during 1958, under optimum conditions 
for rust development. The number of seedlings tested in each of the F, generation 
families varied from about 11-15. Since the number of seedlings tested in each of the 


individual F, family was small, no genetic ratios were fitted to the data from the F, 
lines. 


EXPERIMENTAL RESULTs 


(i) Resistance of Frontiera to Race 10 of P. triticina: 


The parental, F,, F, and F, seedling reaction data of the cross N.P. 770 x 
Frontiera as also the expected frequencies of F, population under different classes 
are summarised in table 1. 


TABLE | 


Seedling reaction of the parents, F,, F, generations and F, progenies of the cross, N.P. 770 x 
Frontiera, tested against race 10 of P. triticina. 


Reaction to race 10 
Material tested —— Total ne P value 
Resistant Segre- Suscep- 
gating _tible 


N.P. 770 a = a) i% 17 
Frontiera ay oe 18 oe a ae 
(N.P. 770 x Frontiera) F, ] an 8 9 
(N.P. 770 x Frontiera) F, 

(Observed) bs 4 Ht 255 259 


(N.P. 770 x Frontiera) F, 
(expected on IR: 63S 


basis) es = 4°04 04 2549695259 0-001 0-99 to 0-98 
(N.P. 770 x Frontiera) F, 
families (Observed) .. Oly dey seal 54 100 


(N.P. 770 x Frontiera) F, 
families (expectedon1R: 
26Seg: 37S) - 1:56 40-63 58-81 100 1-860 0-50 to 0-30 


It will be observed from the data summarised in the above table that the 
resistance of Frontiera was recessive in the F, generation. The one resistant F, plant 
had probably escaped infection. In the F, generation, a three factor ratio of 1R:63S 
was obtained. Of the 100 F, families tested, only three were seen to be homozygously 
resistant, 43 segregated into resistant and susceptible plants while 54 bred pure for 
susceptibility, thus giving the expected ratio of 1R:26Seg:37S. 


(li) Resistance of La Prevision to race 10 of P. triticina: 


The resistance of La Prevision to race 10 of leaf rust was studied in the cross, La 
Prevision x N.P. 809. The parental, F;, F, as well as the F, families’ reaction to 
this race are summarised in table 2. 
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TABLE 2 


Seedling reactions of the parental, F,, F. populations and F, progenies of the cross La Prevision x 
N.P. 809, against race 10 of P. triticina 


Reaction to race 10 
Material tested 


Resistant Segre- Suscep- Total »G P value 
gating _ tible 
La Prevision cls 20 ae eh 20 
NEE P S004 Hae: Si a e 22 22 
(La Prevision x N.P. 809) 
F, oat BS Be 8 8 


(La Prevision x N.P. 809) 


F, (Observed) : 2 290 292 
(La Prevision x N.P. 809) 
F, (expected on 1R:635S 
basis) “s oe AS OO* gx: 287°44 292 1-458 0-30 to 0°20 
(La Prevision x N.P. 809) — 
F, (Observed) Hi 2 32 40 74 
(La Prevision x N.P. 809) . 
F;' (expected on--1R: 
26Sez:. 379. basis)...» bel6.. 30206, 42-7000, /4.. 0: 910 0-10 to 050 


Susceptibility of N.P. 809 was seen to be dominant over the resistance of La 
Prevision. The Fz generation segregation gave evidence of a tri-hybrid ratio of IR: 
63S. This was later confirmed by the behaviour of the F, progenies. 


DIscussION 


The experimental results reported in this paper show that the resistance of 
Frontiera and La Prevision to race 10 of brown rust have behaved alike. The F, 
data suggested the operation of three genes conditioning the rust reaction in these two 
cases. 

Cases of resistance to brown rust races being governed by a single (Waterhouse, 
1930) or two pairs (Schmidt et al., 1953) of genes have also been reported. The 
studies of Martinez, Ausemus and Burnham (1953) showed that the adult plant resis- 
tance of NS No. II-39-2 was due to three genes. Mains e¢ al. (1926), however, found 
the seedling as well as the adult plant resistance of Kanred and Malkoff to a mixture 
of races of leaf rust to be due to the action of a number of genes. _ The available 
evidence, therefore, shows that the resistance of varieties to leaf rust may be due to 
one or more genes. 

Using a mixture of all the Indian races of brown rust in the inheritance studies 
conducted by Ghosh ef al. (1958), the adult plant resistance of Frontiera in its cross 
with Pb.C. 591, was seen to be recessive and conditioned by a single pair of genes. 
Pal et al. (1956) found the resistance of Frondoso against the Indian brown rust races 
in the adult plant stage to be governed by two pairs of dominant complementary 


genes. 
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SUMMARY 


The resistance of the two South American wheats, viz., Frontiera and La Prevision 
to race 10 of P. triticina in the crosses, viz. N.P. 770 x Frontiera and La Prevision xX 
N.P. 809 was seen to be controlled by three genes—--all of which when present 
together in a recessive condition result in resistance. 
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INHERITANCE OF SEEDLING RESISTANCE TO RACES 13 AND H OF 
PUCCINIA GLUMARUM (SCHM.) ERIKSS. AND HENN. IN CROSSES OF 
TRITICUM AESTIVUM 


P. N. N. Nampisan and S. P. Koni 
Wheat Breeding Substation, I.A.R.I., Simla 


Or the three rusts attacking the wheat crop in India, yellow rust, Puccinia glumarum 
(Schm.) Erikss. and Henn., is wide-spread in its distribution and may become quite a 
devasting disease in the hills, where the prevailing low temperature conditions favour 
its assuming epidemic proportions rather frequently. In some areas, it is the limiting 
factor in the successful cultivation of wheat and barley crops. Though marked 
success has been achieved in breeding wheat varieties resistant to yellow rust, particularly 
for the hills, little information is available on the genetics of resistance to this rust. 
An attempt was, therefore, made to study the resistance to races 13 and H of this rust 
in varietal crosses of Triticum aestivum. Both the races are frequently picked up from 
the different wheat growing areas of India and race 13 is becoming more wide-spread 
during the recent years. 


MATERIALS AND METHODS 


A number of exotic varieties have been utilized in the breeding programmes 
at the Indian Agricultural Research Institute and its substation at Simla for the breed- 
ing of rust resistant wheats in the country. Of these, the following have entered 
the cross combinations with hill-wheats and were available for seedling inheritance 
studies: 


Cometa Klein (E. 671): | The variety is resistant to almost all the Indian races of 
yellow rust including H and 13. 

Frondoso (E. 771) : The variety is resistant to most of the Indian races of brown 
and yellow rusts. 

La Prevision (E. 928) : The variety possesses resistance to yellow rust races 13 
and H as also to most of the Indian races of black rust. 

Frontiera (E. 957) : The variety is resistant to almost all the Indian races of 
brown rust and race H of yellow rust. 

Ridley (E. 572) : An introduction from Australia. It is susceptible to yellow 
rust races 13, H and a few others. 

No 7 70 : Though highly resistant to yellow rust in the adult-plant 


stage, this variety is, however, susceptible to all the races 
of this rust in the seedling stage. 


The seedling resistance tests reported in this study were conducted in the spore- 
proof glass house at the Wheat Breeding Substation, Simla, using the usual standard 
inoculation techniques. The purity of the races was checked by testing their reactions 
on the international rust ‘ differentials’. Parents, F,, F, and F, generations were 
tested side by side in order to permit of the comparison of types of reactions of parents 
and hybrid progenies. 10-14 seedlings grown in four-inch pots were inoculated in the 
primary-leaf stage. The rust reactions of the seedlings were recorded, when maximum 
infection had appeared, according to the method adopted by Gassner and Straib 
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(1930). During cold weather, the pustules took about three weeks to reach their full 
size. 


RESULTS 


I. Inheritance of resistance to race 13: 


The inheritance of resistance to race 13 was studied in four cross combinations, 
the results of which are reported below: 

(i) Ridley (E. 572) x La Prevision (E. 928).—-The reaction of the two parents, 
F,, F, and F, generations of the cross are given in-table 1. Resistance was dominant 
and the F, segregated in a 3R: IS ratio suggesting the existence of one dominant 
factor for resistance. This was confirmed by the Fs, results. 


TABLE | 


Seedling reaction of the parents, F, and F, and Fy of the cross, Ridley x La Prevision to race 13 


No. of seedlings/families 


found 
Material Tested — ———— Total xX? P Value 
Resistant Segre- Sus- 
gating ceptible 
Ridley Ba a ae S42 Pa 
La Prevision 20 i 


(Ridley x La Prevision) F, 10 
(Ridley x La Prevision) F. 
(observed) Bt PAS a 66 283 
(Ridley x La Prevision) F 
(expected: ion) "3R715 


basis) RS rum ASP AS aa 10°79" 283 0:425. 0:70 to 0-50 
(Ridley x La Prevision) F, 
(Observed) ie 23 44 26 93 


(Ridley x La Prevision) F, 
(expected on IR: 2Seg: 
1S basis) .. *e 25°25 40008 25-20" 295 0-460 0-80 to 0-70 


(ii) Frondoso (E. 771) x N.P. 770. The reactions of the parents, F,, F.2, F; 
of the cross, Frondoso X N.P. 770, are summarised in table 2. 

The susceptibility of N.P. 770 to race 13 was dominant as shown by the behaviour 
of the F, plants. The F, and F, segregations indicated that a single gene locus was 
involved. 

(iii) Cometa Klein (E. 671) x N.P. 770.—The seedling-resistance data are 
summarised in table 3. 

Unlike in the previous cross, the susceptibility of N.P. 770 was recessive to the 
resistance of Cometa Klein. The F, segregation suggested that -two dominant 
complementary factors might be responsible for the resistance of the exotic variety, 
Cometa Klein. The somewhat unsatisfactory fit in the F, is probably due to the 
rather high temperatures prevailing in the glass house at the time these tests were 
conducted. This may have prevented the proper development of infection, thereby 
lowering the proportion of the families grouped in the susceptible class. 
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TABLE 2 


Seedling -reaction of the parents, F,, F2, and Fy of the cross, N.P. 770  X Frondoso tested 
against race 13 


No. of seedlings/families 
found 
Material Tested —_———_———_——_——— Total X? ~~ P:~ Value 
Resistant Segre-  Sus- 
gating ceptible 


IN-PS 7/0. «2. us a Shs 25 
Frondoso_.. Pa ss ys 
(N.P. 770 x Frondoso) F, i ee 13 
(N.P. 770 x Frondoso) F, 
(Observed) 89 Sa 242 331 


(N.P. 770 x Frondoso) F, 
(expected on IR: 3S 


basis) S27, D anes 248-25 331 0-629 0-50 to 0-30 
(N. P2770" X "Frondoso) F, 
(Observed) 20 52 Ze 94 


(N.P. 770 x Frondoso) F, 
(expected on IR: a. 
1S basis) : 23°35 47 2505 94 1-063 0-70 to 0°50 


TABLE 3 


Seedling reaction of the parents, Fy, F, and F of the cross, N.P..770 x Cometa Klein, tested 


against race 13 


No. of seedlings/families 
found 
Material Tested ——____———— Total x P Value 
Resistant Segre-  Sus- 
gating ceptible 


Ney 7. ere a ie oh 20 
Cometa Klein oe a ihe 
panes Klein XN.P. 770) 
2 50 

once Klein xN.P. 770) 

F, (Observed) 99 oa Th 176 
(Cometa Klein x N.P. 770) 

F, (expected on 9R : 7S 

basis) 99 ~ aif 176 No deviation 
(Cometa Klein x NLP: 770) 

F, (Observed) 7 50 23 80 


(Cometa Klein x N.P. 770) 
F, (expected on IR : 
8Seg : 7S basis) he 5 40 35 80 7-4 0-05 to 0-02 
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N.P. 770 X La Prevision (E. 928): 
The F,, F., F, and parental reactions are summarised in table 4. 


TABLE 4 


Seedling reaction of the parents, F,, Fz and Fy of the cross, N.P. 770 x La Prevision, tested 
against race 13 


No. of seedlings/families 
found 
Material Tested SH Total x? P Value 
Resistant Segre- Sus- 
gating ceptible 


NP S708 as 4: ok se 20 oH oe 


La Prevision 99 
(La Prevision x N.P. 770 
F, te 7 9 
(La Breesion x N-P, 770) 
F, (Observed) 112 a 499 611 


(La Prevision x N.P. 770) 
F, ue on SR 


13S basis) . 114-6 a 496-4 611 0-071 0-80 to 0-70 
(La Prevision x N.P. 770) 
F, (Observed) ’ 4 46 35 85 


(La Prevision x N.P. 770) 
F, (expected on IR: 
2Seg : 7S basis) A Boe) 426 37" 85 0-709 0-70 to 0:50 


The resistance of La Prevision was seen to be due to a pair of dominant genes, 
the expression of which was suppressed by a dominant pair of genes contributed 
by the susceptible parent vz., N.P. 770. 


II. Inheritance of resistance against Race H: 


The resistance of Frontiera (E. 957) and Cometa Klein (E. 671) to race H of 
P. glumarum was available for study in crosses with N.P. 770. The results of these 
studies are reported below: 

(i) Frontiera (E. 957) = N.P. 770.—The parental, F,, F., F, reactions of the cross 
(Frontiera x N.P. 770) are summarised in table 5 

The resistance of Frontiera was seen to be due to two pairs of recessive genes 
contributed by this parent in this cross. The duplicate-factor ratio observed in the 
F, generation was confirmed by the segregation of F, lines. 

(ii) Cometa Klein (E. 671) x N.P. 770.—The data regarding the reaction noted 
in the cross, Cometa Klein with N.P. 770 tested against race H of P. glumarum are 
summarised in table 6. 
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TABLE 5 


Seedling reaction of the parents, F,, F, and F, of the cross, N.P. 770 X Frontiera tested against 
race 


No. of seedlings/families 


found 
Material Tested ————_—_____—_——— Total a: P Value 
Resistant Segre- Sus- 
gating ceptible 
INGPed 105 sc x oi Hi 24 
Frontiera... 28 sa te 
(N.P. 770 x Frontiera) F, Re 5 13 
(N.P. 770 x Frontiera) F. 
(Observed) 16 a 2a3 209 


(N.P. 770 x Frontiera) F, 
(expected on IR: 15S 


basis) Oc Oeme i 242-8 259 0-002 0-98 to 0-95 
meCN P7740 XX Frontiera) F, 
(Observed) . 6 38 De 96 
(N-Ba 770 x Frontiera) Fs 
(expected? on “I R™: 
8Seg :7S basis) a 6 48 42 96 4°41 0-20 to 0°10 
TABLE 6 


Seedling reaction of the parents, F,, F, and Fy of the cross, Cometa Klein x N.P. 770, tested 
against race H 


No. of seedlings/families) 
found 


Material Tested — Total xX? P Value 


Resistant Segre- Sus- 
gating ceptible 
Nee LOS, Ae ne oe 26 
Cometa Klein 38 = Nc 
pone Klein x N.P. 770) 


12 
ee Klein xN.P. 770) 
F, (Observed) 137 3 130 267 
(Cometa Klein x N.P. 770) 
F, (expected on 9R : 7S 


basis) 150°] oY 116+9)° -( 267 2+638 0:20 to 0-10 
(Cometa Klein xN.P. 770) 
F, (Observed) 5 40 36 81 


(Cometa Klein x N.P. 770) 
F, (expected on IR: 
8Seg : 7S basis) is 506.5) =40'°O205) 35°42). 81 0-017 0-99 
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Resistance was dominant in the F,;. The F, and F, breeding behaviour gave 
evidence of the action of two complementary gene pairs responsible for the resistance of 
this variety. 


IlI. Relationship between the genes for resistance to races 13 and H in the cross Cometa 
Kien < N.P. 770: 


The behaviour of resistance to races 13 and H in the cross, Cometa Klein x 
N.P. 770, being the same 7.e. complementary action of genes (Tables 3 and 4), the reac- 
tion of the 79 F, families tested against each of the two races were examined for 
studying the relationship of the two pairs of genes involved in this cross. The data 
on the reaction of the individual families are summarised in Table 7. 


TABLE 7 


Comparison of the resistance to races 13 and H of P. glumarum in 79 Fy families of the cross, 
Cometa Klein X N.P. 770 


Reaction to race H 
Reaction to race 13 Total 
Resistant Segregating Susceptible 


Resistant aus ae 0 4 3 A. 
Segregating Se + 2 24 23 49 
Susceptible rit i 3 10 10 P85) 
Total 5 38 36 79 
X? Value for the Test of Independence = “27537 
P value = 0-70 to 0-50 


It will be observed from the data summarised in the above table that at least one 
of the two complementary genes responsible for resistance to each of these two races is 
not common. 


DiscussIon 


The results reported above show that the resistance of the exotic varieties included 
in the present study is conditioned by one or two pairs of genes. In the cross, 
Frondoso xX N.P. 770, resistance was seen to be controlled by a single pair of recessive 
genes, while the resistance of La Prevision in its cross- with Ridley was controlled by 
a single pair of dominant genes. Suva Ghose ef al., (1958) found the mature plant 
resistance of Cometa Klein, in crosses with susceptible Pb.C. 281 and N.P. 718, to be 
monofactorially dominant. The existence of a single dominant factor for resistance 
to yellow rust has also been reported by a number of other workers (Zapata Balcozar, 
1956; Pal, 1951 and Favret and Vallega, 1953). On the other hand, resistance due to 
a single recessive gene has been recorded by Biffen (1907), Armstrong (1922) and 
Pal et al. (1956). 

The resistance of Frontiera to race H of yellow rust in its crosses with N.P. 770 
was seen to be due to the action of duplicate factors, resistance being due to the 
double recessive condition. 


March, 1961] Inheritance of seedling resistance to yellow rust of wheat 21 


The resistance of Cometa Klein to race 13 of yellow rust in cross with N.P. 770 
was due to the complementary action of two gene pairs, both of which were contributed 
by the resistant parent. In the same cross, resistant to race H of yellow rust was 
again seen to be due to the complementary action of two genes. A comparison of the 
breeding behaviour of the individual F, families for their reaction to the two races, 
however, revealed the independent nature of at least one of the two complementary 
factors contributing to resistance to each of these two races of this wheat variety. This 
information, derived from the genetic data, is in agreement with the cytogenetic 
evidence collected by Singh and Swaminathan (1959). On the basis of their mono- 
somic analysis, they found that the two genes responsible for the resistance of Cometa 
Klein to race H are located in Chromosomes IV and VI, whereas the single gene 
for resistance to race 13 located by these authors was situated on chromosome IX. 
But, from the genetic data reported in this paper, as also in the earlier study of Bahl 
and Kohli (1960), Cometa Klein was seen to possess two complementary genes for 
resistance to race 13 also. 

The resistance of La Prevision to race 13 in the cross with N.P. 770 was seen to be 
controlled by a dominant gene for resistance contributed bythis parent but its expression 
was inhibited by another dominant, epistatic gene for susceptibility contributed by 
N.P. 770. Pessola (1927) had also reported the resistance to yellow rust to be controll- 
ed by two genes in crosses of Extra Kolbens with a number of susceptible varieties. 
Pal et al. (1956) have, however, reported the adult plant resistance of Frondoso to 
yellow rust in a cross with N.P. 789 to be due to the action of three genes. 


SUMMARY 


The resistance of La Prevision to race 13 of Puccinia glumarum in its cross with 
Ridley was seen to be controlled by a single pair of dominant genes. In the cross, 
Frondoso x N.P. 770, resistance to this race was due to a single pair of recessive genes. 
In the cross, Cometa Klein x N.P. 770, the resistance of the Cometa Klein to race 13 
was found to be governed by two pairs of complementary genes contributed by this 
parent. The resistance of La Prevision in its cross with N.P. 770 was due to the 
presence of a dominant gene, the expression which was however inhibited by a domi- 
nant epistatic gene for susceptibility contributed by the susceptible parent N.P. 770. 

The resistance of Frontiera to race H of yellow rust in the cross with N.P. 770 
was due to the action of duplicate factors, resistance behaving as the double recessive. 
However, the resistance of Cometa Klein to this race in its cross with N.P. 770, 
like that to race 13, was due to the complementary action of two genes present in this 
variety. The available evidence, however, showed that at least one of the genes involv- 
ed in the resistance of Cometa Klein to these two races was not the same. 
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GENETIC STUDIES IN BARLEY—III. LINKAGE RELATIONS OF SOME 
PLANT CHARACTERS 


K.-B...L.. JAIN 
Division of Botany, Indian Agricultural Research Institute, New Delhi-12 


IN previous communications, Murty and Jain (1959, 1960) reported the mode of 
inheritance of various plant characters. The present paper describes the linkage 
relations of these characters. 

At present, six out of the seven possible linkage groups in barley are well establish- 
ed. Recent work by Kramer, Veyl and Hanson (1954) indicates that the groups 
formerly designated as III and VII should be considered as one. The literature on the 
linkage relationships in barley have been extensively reviewed by Robertson, Wiebe 
and Immer (1941), Robertson, Wiebe and Shands (1947, 1955) and Smith (1951). 


MATERIALS AND METHODS 


The linkage relations of the following characters were studied in the F,, F, and 
B, generations in five crosses, vz., E.B. 171 x E.B. 417, E.B. 177-x« E.B. 417, 
K-251 x E.B. 438, K. 251 x E.B. 132 and C. 138-2 x E.B. 132. The following 
symbols used for these characters are those recommended by Robertson e¢ al. (1941, 
1947, 1955). The asterisks indicate characters, for which recommended symbols 
do not appear to be available. 


Non-six row vs six row (V v) 

Long vs short outer glume awns (Ee) 

Normal green vs Virescent seedlings (Y y, Ye yc) 

Purple vs white leaf sheath (Pr pr) 

Hooded vs awned lemma (K k) 

Black vs white lemma and pericarp (B b) 

Semi spreading vs erect type of early growth habit (Eh eh)* 

Broad vs narrow leaves (Brl br) * 

Early vs late heading date (Ea ea, Ea,, ea., Ea; ea;) 


The association between various factor pairs was tested by X? test for in- 
dependence by the general contingency method. Whenever linkage was suspected 
the recombination value was calculated by the product method in the F, and by 
the maximum likelihood method in the F3. 


RESULTS 


A. Analysis of F, data: 

(a) Detection of linkage.—In order to find out if there was any linkage between 
the various character pairs mentioned above, the joint segregation of two qualitative 
characters of each cross at a time were subjected to X? test and that of a quan- 
titative and a qualitative character to ‘t’ test for independence. The results are 
summarized in tables 1 and 2 respectively. 
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TABLE | 
X? test for independence between various character pairs from the Fz data 


Total number of plants 
Cross —  ——)— *¥? P Value 
AB Ab aB- ab _ Total 


i i i i i i i — ee 


Vv, Prpr (3:1) (3:1) 


E:Bil7) <x E.BsAly Hei 3952" | OE W360 EOL BOSON 22 ey <0-01 

BBall / aXe Esa sep aol 18 23 900 4825 BZ 7S3rl4c <0-01 

K. 251 X E.B. 438 na OES 30°" 21 Gly (3552207 <0-01 
Vv, Yeye (3:1) (3:1) 

E.B. 171 x E.B. 417 yor 3840830 96123 8 545 0-198 0-70-0-50 
BAB 77 eB Al)? Os 2357 10m 3h12 6 485 1:564 0-30-0:20 
Vv,Kk (3:1) (3:1) 

I cole BEB At32 &. BID g 15241 Lope oeeO09 ae 0-015 ma 95_0n00 
@, 138-2 x EB. 132 oe O77 = 1046 409" 25% 5015 0-05 7000 se 
Vv,Bb (3:1) (3:1) 

K25 le x -EBel32 os 1337 S10; 427 585) 36090-59256 10-50-0230 
C. 138-2 x E.B. 132 ehOOnml2t gelO2 32 615 0-091 0-80-0-70 
V v, Eh eh (3: 1) (3: 1) 
iyo) xX EB. 48 on LOSE a2 56 28 360 1-688 0-20-0-10 
V v, Brl brl (3 : 1) (3: 1) 

Il EB 2438 A206 75. 68 15) 504” 2275500 1020-0 -40 
Ee, Prpr (3:1) (3: 1) 

E.B. 171 x E.B. 417 ae, 200 © LOO R123 20e SoU OO0) <0-01 
BeBe jean Daly, ge OAM 77 81 27 471 1-496 0-30-0-20 
Ky, 25! x E.B..438 6a ES) Sel) 76 16 361 5348 0-05-0-02 
Ee, Yc yc (3:1) (3:1) 

E.B. 171 x EB. 417 Soo). Bese loo 9 528 0-101 0-80-0-70 
BB t7 7x Be aly Sore OOS 12.106 4 475 0-030 0-90-0-80 
Ee,Kk (3:1) (3:1) 

K. 251 x E.B. 132 .. 312 138 118 41 609 1-347 0-30-0-20 
C. 138-2 x E.B. 132 Saal 90 145 39 615 0-008 0-95-0-90 
Ee,Bb (3:1) (3:1) 

Ki2515x1 EB B2i132 43 TOF Bld 38 609 0-001 0:98-0:95 
C. 138-2 x E.B. 132 2983320) S10 a 3O 52 615 1-605 0-30-0-20 
Ee, Eheh (3:1) (3:1) 

K. 251 X E.B. 438 a tod 80 70 19 360 2-601 0-20-0-10 


E e, Brl brl (3 : 1) (3 : 1) 
K. 251 X E.B. 438 .- 207 64 67 ~25- (363 0-468 °>990"50-0-30 
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TaBLe J—(Contd.) 


Total Number of Plants 
Cross eee OD P Value 


Pr pr, Eh eh (3: 1) (3: 1) 


K-25) x E.B. 438 ang? 70 63 29° 354 0-780" 0*50-0-30 
Pr pr, Brl bri (3 : 1) (3 : 1) 
ico 2ol x EB. 438 fee ok 68 73 18 360 1-131 0-30-0-20 
Pr pr, Yc ye (3: 1) (3: 1) 
E-B.171 <.E.B..417 ees} Biel OF 520) S03 Sr ae 
BB el7 i XoE.B. 417 oe LO 12 96 6 487 1-730 0-20-0-10 
Kk,Bb (3:1) (3:1) 

K. 251 x E.B. 132 Soot S63 130 49 609 1:817 0-20-0-10 
C. 138-2 x E.B. 132 pee OU eet 2 99 50” 615) ~0*229' 0+70-0-50 
Brl brl, Eh eh (3: 1) (3: 1) 

K. 251 x E.B. 438 cS 88 81 1253745712 -079 <0-01 
TABLE 2 


‘T°’ test for independence between heading date and some qualitative characters in the Fy 


Mean days taken for D “t’ value 


Character Difference ‘t’ 


heading 6 ED» at 5% level 

Ea, ea,, V v 

Non-six-row (V) .. 95 +3 40-3293 0:7 1-06 1-959 
Six-row (v)_ .. 94 -6+0°5382 

Ea, ea,, Pr pr 
Purple (Pr) a 94-8+0-2769 0:7 1-28 1-959 
White (pr) ee 95 -5+0-5457 

Ea, ea,, Ee 
Long (E) ae 94 -5+0 -3221 12 1-66 1*959 
Short (e) eS 95-70-5713 

_ Ea, ea,, Brl brl 

Broad (Brl) re 95 -0-+0 +3323 0*5 0-76 1959 
Narrow (brl) 95-50-4989 

Ea, ea,, Eh eh 
Semi-spreading (Eh) 95 -8+0-3402 3°0 4-8** 1-959 
Erect (eh) ts 92 -8-+40 -5276 


**Significant at 1 per cent level. 
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It would be seen that V v showed linkage with Prpr. The loci Ee and Pr pr 
themselves appeared to be linked in two crosses while they showed independent 
segregation in the third. Eh eh exhibited linked inheritance with Brl brl and 
Ea, ea,. All the other eighteen combinations studied showed that the concerned 
gene pairs were inherited independently of each other. 

(b) Estimation of linkage intensities. —Whenever linkage was suspected, recombina- 
tion value was worked out by the product method outlined by Immer (1930). The 
expected frequency distributions were calculated from the estimated cross-over values 
and compared with the observed values by subjecting the data to X? analysis. The 


data showing linkage relations between various factor pairs are given in table 3. 
TABLE 3 


Phenotypic distribution of F, population for different characters, from barley crosses in which. 
linkage was suspected, with percentage recombination for each cross, as calculated by the 
product method 


Total number of plants 


Cross 2 -O P value 
AB Ab aB ab Total 
V v, Pr pr 
G)°£.B2171 X £.B.417 ue ee 
F, observed oe) 36 90 530 
Expected 
(11 *8+-1-50%) .. 368-07 29°43°" 29-43° 103-07 3:621 0-50-0-30 
(ii) £.B.177 x E.B. sal Ses Sen 
F, observed i OOE 90 482 
Expected 
(9°2-+1°38%) °° .. 340-34 21-16 21:16 99-34 1-840 0Q-70-0-50 
Gi) rk..251 < E3433 Coulee Diz) 
F, observed pe ES) 21 61 355 
Expected 
(15°3--2*09%,)) 2 24 17-2 0820525: 08 65267 1-755 0-70-0-50 
Ee, Pr pr 
(i) E.B.171 x E.B.417 (Repulsion eel 
F, observed los 100 20 530 
Expected 
(39-213 63% yo 2docoo —bi2e1 5. T1255 220 335 2°436 0:50-0:30 
(i) =k 25160 EB: a eee eg 
F, observed ; 76 16 361 
Expected 
(4022-3 °4807)- sy <194°98 75262. 75-627 14.58 0:5773 0:95-0:90 
Brl brl, Eh eh 

(ili) K. 251 x E.B. 438 (Repulsion phase) 
F, observed S193 88 81 12 374 
Expected 
(949 4520/7, ae 198919 026375 roo) 0-608 0-90-0-80 


a aaa ew pt 
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It will be seen that the cross-over values between v-pr, worked out in the three 
crosses, ranged from 9-2 percent. to 15-3 per cent. The linkage intensities between 
e-pr, in the two crosses were 39-2 per cent. and 40-2 per cent. The gene eh showed 
linkage with brl at a distance of 34:5 per cent. cross-over value. It also showed 
a significant association with ea;. 


B. Analysis of back-cross data 


The association between the factor pairs Vv Kk, Vv Bb, KKB band Vv 
Pr pr was studied from the backcross data. The results are set out in table 4. 


TABLE 4 


X? test for independence between various characters from the test cross data 


Total number of plants 


Cross SE. P value 
. AB Ab aB ab Total 
| Vv,Kk 

Girzole< 2-85 132) Fy oc ha251 

Observed wh gee 30 PAS) 25 102 

Expected 

Glee: 1) ey bee eS 2525 25.5 255 1-284 0-80-0:-70 
Vv,Bb 

hol 8.132) FE, XK .251 

Observed ae 28 24 19 31 102 

Expected 

(a lecclossl jaw 3. 25°5 2575 255 2325 3177 0-50-0-30 
Kk, Bb 

(ha 2ole>e EB. 152)-F xX A251 

Observed rh eA) 26 26— 29 102 

Expected 

(iestesb< 1) Bi Mh 45 ns) 25:°5 255 25°5 1-284 0-90-0-70 
V v, Pr pr 

(EBAY Sh. Beel]) FyeX EB. 17) 

Observed - a 1 2 9 19 

Expected 

(CPSs bia 8 ew 4°75 4°75 4-75 4°75 9°38 0-05-0-02 


There was no linkage between the loci studied in the back cross, (K. 251 x 
E.B. 132) x K. 251. In the other backcross, (E.B. 171 xX E.B. 417) x E.B. 171, 
V v and Pr pr appeared to be linked with a recombination value of 15-8 per cent 


(Table 5). 
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TABLE 5 


Phenotypic distribution with percentage recombination, of B, population for V v5 Pr pr from the 
back-cross (E.B. 171 x E.B. 417) F, x E.B. 171 


Total number of plants 
Material ——-) —i£*?? P Value 


AB Ab aB ab Total 
Observed eae ey 1 2 9 19 
Expected 
(15°8--8°419%) =. 6°83 2°67 2°67 6°83 1:532 0:70-0:50 


C. Analysis of F, data 

(a) Detection of linkage.—The linkage relationship between various factor pairs 
was studied in the different crosses from the F, data. In all, nineteen character 
combinations were studied in this generation. The observed frequencies for various 
genotypes, with the X? test for independence are given in table 6. 


TABLE 6 


X* test for independence between genes for various characters, from F, data 


Total number of families 
Material $$ AS OF>*2 P value 
AA Aa AA Aa AA Aa aa -aa_ aa Total 
BB BB’ Bb’ Bb bb’ bb BB Bb_ bb 


Vv, Pr pr (1:2:1) (1:2:1) 


1h WAN SS ashy gg th IB 2) GAY) 0 4 1 6 26 99 79:38 <0-001 
Leh WM) Se Ra 35 AR (hy ee 2948) 1 5 2 10 17 98 65:10 <0-001 
Vv, Ye ye (1:2:1) (1:2) 

FE Bal/ ISX Beal]! ce 9) eld) aehla— 29) Bee ee oe O23 te OO nel tl ae 37,0=0.250 
BeBe. EBs 4 lj eee el Lely te 2 3) eye en Oe OO me” 2 OO 9020200) 
Vv, K k (1:2:1) (1:2:1) 

K. 251 x E.B. 132 cue LOC Oa 2s ee 22 3 iG @ © 7 90 5:42 0-30-0-20 
CA13S-26 a Del oleae 0) Om O 2 Omen 2 4 10 5 80 1-86 0-80-0-70 
Vv, B b (1:2:1) (1:2:1) 

K. 251 x E.B. 132 55 A PE Gey 5 90 5-17 0-30-0-20 
CAl38-26XaE: Bel 32 ae OME LS Pe 4 7 Gy Ml 3 80 2-81 0-70-0°50 
Vv, Eh eh (1:2:1) (1:23) 

K. 251 x E.B. 438 vont 2 5 10 1 iL ye 0 39 6:71 0-20-0-10 


Vv, Bri bri (1:2:1) (1:21) 
K. 251 x E.B. 438 Bo) I Be 4 10 8 80 3:32 0-70-0-50 


Vv, Ea, eag (1:2:1) (12221) 
K. 251 xX E.B. 438 el AY) 1 7S 8 O.4939) 4 62719 £02 20-0<10 
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Material 


E.B. 171 x E.B. 417 
E.B. 177 x E.B. 417 


E.B. 171 x E.B. 417 
E.B. 177 x E.B. 417 


K. 251 x E.B. 132 
C. 138-2 x E.B. 132 


Kk. 251 x E.B. 132 
C. 138-2 x E.B. 132 


K. 251 X EB. 438 


K. 251 x E.B. 438 


K. 251 x E.B. 438 


E.B. 171 x E.B. 417 
E.B. 177 x E.B. 417 


LS AN OS Woe TY 
C. 138-2 x E.B. 132 


K. 251 x E.B. 438 


K, 251 x E.B. 438 


K. 251 x E.B. 438 


AA 
BB 


Linkage relations in barley 


Taste 6—(Contd.) 


Total number of families 


Aa AA Aa AA Aa aa aa 

BB Bb Bb bb’ bb BB_ Bb 
Ee, Pr pr (1:2:1) (1:2:1) 

14 1G ISS 9 14 4 


Ee, Yc ye (1:2:1) (1:2) 


7 Wee 20 Baer eet a) ORS 23. 
Wh PRS on (6 US) 


Ee, Kk (1:2:1) (1:2:1) 


1 Se 7 8 GAM 
6 4 24 6 12 He 118) 


E e, Bb (1:2:1) (1:2:1) 


Sess 23 Smee S AW 
15 @ ay) 5 8 el 


E e, Eh eh (1:2:1) (1:2:1) 
3 4 12 3 4 2 7 
E e, Brl brl (1:2:1) (1:2:1) 

Cae Ona 22 Salo 7 6 
E e, Eagz eag (1:2:1) (1:2:1) 
eee LO 2 7 5 7 
Pr pr, Yc yc (1:2:1) (1:2) 


P20 ES) eZ OM eran esi. SmeeZ2 
We US PAD oe og 


Kk, Bb (1:2:1) (1:2:1) 


11 28 8 9 7 8 
Se Lo 33 0) 2 9 


Eag ea3, Brl brl (1:2:1) (1:23) 
14 Om O ime ty Oe ls 4 4 es 14 
Ea, eas, Eh eh (1:2:1) (1:2:1) 
qe An 6 3 Bye 
Brl brl, Eh eh (1:2:1) (1:2:1) 

1 Zama rensy P¢2 5 6 


aa 
bb 


X2 
Total 
99 21-43 
91 1-64 
99 1:18 
91 3-61 
Sy A oay/ 
80 7-16 
89 3-18 
80 6:36 
39 2-48 
80 5:15 
80 6-22 
99 84-71 
98 2-53 
90 6:56 
80 1-87 
SOM e217, 
39 «9-31 
39 «9-99 


29 


P value 


<0-001 
0-90-0-80 


0-50-0-30 
0-20-0-10 


0-90-0-80 
0-20-0-10 


0-70-0-50 
0-20-0-10 


0-70-0-50 


0-30-0-20 


0-20-0-10 


0-10-0-05 
0-30-0-20 


0-20-0-10 
0-80-0-70 


0-20-0-10 


Just 0-05 


0-05-0-02 
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The F, data supplied added inpatush concerning the apparent linkage or 
independence of the various character combinations. The results obtained in this 
generation were similar to those obtained in the F.2 generation. 

It will be seen from Table 6 that there was an indication of linkage between 
factor pairs V v, Pr pr in two crosses; between E e, Pr pr in one of the two crosses and 
between Eh eh, Ea, ea, and between Brl brl, Eh eh. The other factor combinations 
showed independent segregation. 

(b) Estimation of linkage intensities.—In the crosses where there was an indica- 
tion of linkage, the recombination values were worked out by the maximum likelihood 
method for the doubly dominant F, phenotypes, classified into genotypes in the Fy. 
The equation to be maximized by differentiation with respect to ‘ p’ from doubly 
dominant F,s (AB), is given by Kramer and Burnham (1947). 

The linkage intensities for the different character combinations in various 
crosses, as worked out from the F, data, are set out in table 7. 


TABLE 7 


Values of p calculated by the maximum likelihood method from the F, data, together 
with their standard errors 


Source of data Percentage 
recombination 
V v, Pr pr 
E.B-171 x E.B.417. ... A 20:0+5-12 
EB. 1772x EBA xi 13 -5+4-06 
Ee, Pr pr 
BBall E.R 417) ae. ie 43-5+10-01 


Brl brl, Eh eh 
K. 251 x E.B.438 a a 43 -0+15-96 
Ea, ea,, Eh eh 
Rolex hb 406 a ae 38-0+12-53 


It will be seen from Table 7 that the linkage between the genes V v, Pr pr was 
20-0 per cent. in the cross E. 171 x E.B. 417 and 135 per cent. in the cross E.B. 177 x 
E.B. 417. The genes E e, Pr pr were linked with a cross-over value of 43:5 per cent. 
The genes Brl brl showed linkage with Eh eh with a cross-over value of 43-0 per cent. 
and with Ea, ea, with a cross-over value of 38-0 per cent. 


D. Combined linkage intensity values 


The linkage intensities for different factor pairs obtained from different sources, 
viz., B,, F, and F, generations, and from various crosses, were combined and an average 
p value worked out. Fisher’s method of scoring (1946) was adopted to test the 
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homogeneity of the group of linkage intensities to be combined. When the data were 
considered homogeneous, the average p value was obtained by approximating the 
combined p value by weighting each separate recombination value by appropriate 
use of the amount of information furnished by each source of data. 

The recombination percentages obtained from various sources of data, their 
test for homogeneity and the average p value, as determined from all the data 
combined, are summarized in table 8. 


TABLE 8 


X? test for homogeneity of different p values from various sources and the average weighted P values 


Average 
Percentage recom- XX? for P value percentage 
Source of material bination homoge- D.F. from X? — recombina- 
——_—_—_—————._ neity for homo- tion by weigh- 
F, ‘us B, geneity ting 
Vv, Pr pr 
EoD rer. peal en lt 8) 20 OM 5*8 
ED A teed? be) OPIN Beh ta el 4 5 0:20-0:10 11-74+0-3 
Ieee boo > Fe 15.3 ~ of 
Ee, Pr pr 
PED see ED atl (et, 409"2 . ASe5 
BSE Bx4982 19402 > bs 3 0-109 2, 0°95-0°90. 39-88+-2°59 
| Brl brl, Eh eh j 
TSO cE. Dat3G dt oe 3425, AS-0-.. 2aty, (19674 1 0:20-0:10 35-12+4-32 
Ea, ea, Eh eh 
Le b4o6.) o, Corre--38°0" . , oes bc on 38-0412 -53 
lated 


Discussion 


The work done by previous workers indicates that the factors V v, Ee, Pr pr, 
B band K kare located in linkage groups I, I, I, II and IV respectively (Ubisch, 1919; 
Miyake and Imai, 1929; Robertson, 1929; Buckley, 1930; Daane, 1931 and others). 
The factors for normal vs virescent seedlings have been located in two linkage groups, 
I and VII and have been designated as ¥ y and Ye ye respectively (Robertson et al. 
1941). In the present study, the normal vs. virescent seedling character did not show 
any linkage with V v, E e and Pr pr, reported to be located in linkage group I. The 
factor controlling virescence of E.B. 171 and E.B. 177 is, therefore, likely to be located 
in linkage group VII. This, however, needs confirmation by studying the relation- 
ship of this factor with the marker genes of group VII. 

The fact that the factors V v, Ee and Pr pr are located in the linkage group I, 
as observed by a number of other workers, is confirmed by the results obtained in the 
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present study. These factors appeared to be linked with each other, the cross-over 
values between v-pr, and e-pr being 11-74 per cent. and 39-9 per cent. respectively. 
Between v-pr, Robertson (1933) calculated the recombination value to be 9:0 per cent. 
Woodward (1957) reported this value to be 16:0 per cent. Between v-e, the 
recombination values reported by different workers were 266 per cent. (Robertson, 
Immer, Wiebe and Stevenson, 1944), 24-7 per cent. (Bose, Aziz and Bhatnagar, 
1937), 28:0 per cent. (Immer and Henderson, 1943), and 26-7 per cent. (Swenson and 
Wells, 1944). Woodward (1957) studied five crosses with regard to these factor pairs and 
found that in four crosses the linkage values ranged from 26-5 to 27-0 per cent., while 
in the fifth cross there was no linkage between these characters. In the present 
study also such a situation has been met with. The reasons for such a discrepancy 
are, however, not quite clear from the data available in this study, though several 
reasons have been suggested (Woodward, 1957). The information on the linkage rela- 
tionship between the factors e-pr does not seem to be reported in the literature so far. 

The factors eh-brl and eh-ea, showed linkage with cross-over values of 35-12 
per cent. and 38-0 per cent. respectively, while ea, and brl appeared to show indepen- 
dent inheritance from each other. These data, therefore, suggest that the order of 
these three genes is ea,-eh-brI. Information on the linkage relationships of these 
genes are being reported for the first time. These genes were found to be inherited 
independently of the factors on chromosome I. 

Factors for heading date have been located in three linkage groups, viz. I, IV 
and V and have been designated as Ea ea, Ea, ea, and Ea, ea, respectively (Griffee, 
1925; Neatby, 1929 and Robertson ¢ al., 1947). In the present study, heading date 
did not show any linkage with V v, Ee and Pr pr of group I. This, therefore, 
suggests that the factor Ea ea does not operate in controlling the expression of head- 
ing date in the cross under study. The factor controlling this character in this cross 
may, therefore, be located in linkage group IV or V. The factor controlling semi- 
spreading vs erect type of early growth habit (Eh eh) does not seem to have been studied 
previously although information is available on the factors controlling spring vs. 
winter habit. Three independent factors, viz., Sh sh, Sh, sh, and Sh, sh,, have been 
reported to control the expression of this character. ‘Takahashi and Yasuda (1956) 
showed that the factor pair Sh, sh, is linked with R r for awn barbing and S s for 
rachilla hairs in the order Sh.-r-s, in linkage group V. Walker, Kasha and Miller 
(1958) have reported that the factor for broad leaves is linked with the factor controll- 
ing long vs. short-haired rachilla (S s) in linkage group V. If it is considered that 
the factor controlling the leaf shape (Brl brI) in the cross under study is the same as that 
reported by Walker et al. (1958) and is located on chromosome V, then the factors for 
heading date and early growth habit can be located on chromosome V, as they show 
linkage with the factor for leaf shape, their order of arrangement being ea,-eh-brl. 
However, the assumption that these genes lie on chromosome V needs further con- 
firmation by studying their relationship with other marker genes in linkage group V. 


SUMMARY 


Linkage relationships between twenty-two character combinations were 
studied in the different crosses of barley in the F., F,; and B, generations. 

The factors controlling the expression of normal vs. virescent seedlings (Ye ye), 
hoods vs. awns (K k), black vs. white lemma and pericarp (B b), broad vs. narrow 
leaves (Brl brl) and heading date (Ea, ea,) showed independent inheritance from 
the factors for non-six row vs. six row (V v) and long vs. short outer glume awns 
(Ee). The factors Eh eh, Brl brl, Ea, ea, and Ye ye were inherited independently 
of Pr pr (purple vs. white leaf sheath), ‘The factor K k also showed independent 
inheritance from B b factor, 
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It appears that the factors V, e and pr belong to linkage group I, the cross-over 


values among v-pr and e-pr, being 11-74-L0-87 per cent and 39:88-L2:69 per cent 
respectively. 

The cross-over values between the genes eh-brl, eh-ea, were 35-12+4-32 
per cent. and 38-0-+12'-53 per cent. respectively, while ea, and brl appeared to show 
independent inheritance. The order of these genes, therefore, appears to be ea,- 
eh-brl; none of these genes showed any linkage with marker genes in linkage group I. 
The possibility of these genes belonging to linkage group V is discussed. 
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STUDIES ON WORLD GENETIC STOCK OF RICE (ORYZA SATIVA L.)— 
II. AWNING 


. 


B. Misro, R. SEETHARAMAN and R. H. RICHHARIA 


Central Rice Research Institute, Cuttack 


Awn is the pointed protrusion of the apiculus and is a continuation of the middle 
nerve of the lemma. Awning is commonly found in almost all wild rices and is not 
uncommon in cultivated rices. This has its own advantages, in that it ensures against 
damage by birds and also, to some extent, by field rats. But, the growers do not gener- 
ally prefer the awned types, as these are difficult to handle and give less weight of 
grain than awnless types, taken volume to volume. The millers also prefer awnless 
types to awned ones. 

Environmental influence on awning has been reported by several workers. 
Anandan (1933) records that close spacing and manuring increase not only the 
percentage of awned grains in a panicle, but also the length of the individual awns. 
Sethi et al. (1937) report a similar experience with close spacing, but did not observe 
any effect of manuring on awning. Mendiola (1926) records that awn development 
is augmented by plentiful supply of water. Sometimes, the same plant has been 
observed to have awned spikelets in the secondary and tertiary tillers, but none in the 
primary ones. Sahadevan (1959) observes that an awnless variety develops awns 
when ratooned and that root pruning inhibits awning in an awned variety, indicating 
that a physiological balance between root and shoot development is ease the 
expression of awning. 

Despite such environmental influence on its expression, awning is known to be 
genetically controlled and has been used as one of the criteria in the classification 
(Chatterjee, 1948) of species of Oryza. Hutchinson and Ramiah (1938) grouped 
awned types into three categories, viz., tipped, awned and fully awned. Apart from 
the above three groups, intermediate forms are also observed in any segregating 
population from awned x awnless crosses. It would, therefore, appear that besides 
major genes, polygenes also influence awning. 

In the present paper, the occurrence of awning in rice, as observed in the 
Genetic Stock maintained at the Central Rice Research Institute, is reported. The 
intensive collection made in connection with the Botanical Survey of the Jeypore Tract 
of Orissa (India), supposed to be one of the secondary centres of origin of rice, 
has also been studied for this character. It may be mentioned that there has been 
little human interference in this area. 


MATERIALS AND METHODS 


Varieties in which almost all the spikelets in the panicle possess long awns 
are taken.as awned. Those in which only a few spikelets in the panicle possess 
short awns are termed as tipped. Material from the Genetic Stock, built up from 
different countries has been considered as improved types, as opposed to indigenous 
types, collected from the Jeypore Tract. 


RESULTS 


In table 1 is furnished the distribution of awned types in the two different rice- 
growing regions of the World, based on the latitude of the countries, from which the 
material under obseryation has been obtained, 


on 
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TABLE | 


Distribution of awning in the Genetic Stock and Feypore collection of rice 


Genetic Stock Jeypore Collection | 
Region . —_—_— 
Awn class Frequency Percentage Frequency Percentage 
234°N to 234°S Awned Lie 4 +3 183 103 
Tipped 133 79 60 ot 
Awnless 1,466 87-8 1,499 86-1 
Total’ 4": 1,671 100-0 1,742 100-0 
234° N to 40°N Awned 64 fhe 
and 234°S to Tipped - 68 7°5 
40°S .. Awnless 769 85 +4 
Tetalee, 901 100-0 
Grand Total aR Og 1,742 


The distribution of awned varieties in the tropical and the temperate regions is 


thus different (X?=9-2 with 2 d.f.; P bet. 0:02 and 0°01). 
Discussion 


In the Jeypore collection, the percentage of awned types is 10°5 and is low 
compared with the awnless types (86-1 per cent). It may, therefore, be concluded 
that the awnless condition might have occurred very early in the evolutionary history 
of cultivated rice. The value of 10°5 per cent. obtained for awned types in the Jeypore 
material against 4:3 per cent. obtained for the Genetic Stock material (improved) 
shows that human interference has been least in the former material. This lends 
support to the contention that Jeypore area is one of the secondary centres of origin 
of cultivated rice. 

The genetic stocks collected from the tropical and temperate regions of the 
world differ significantly from each other in the frequency of occurrence of awned 
types. It appears that there is a higher frequency of such types in the temperate 
belt. Distribution of awn in the varieties also indicates certain features. Most of the 
wild types (generally hardy) possess awns. The salt-resistant and flood-resistant 
types barring a few exceptions also possess awns. The non-lodging bulu types of 
Indonesia are all awned, as also some of the non-lodging varieties. Ramiah (1953) 
records that the hardy aman types of Assam, grown under deep water conditions, as 
well as the drought-resistant summer rices (boro) are awned. ‘Thus, awning is 
associated with hardiness, general vigour, drought resistance etc. The exact nature 
of the association is, however, not clear. 

The growth and development of the rice plant seem to have an intimate relation- 
ship with the development of awning, which is another growth process. Preliminary 
studies by Sahadevan (1959) show that there is a certain physiological balance between 
shoot and root development, which affects the expression of awning. 
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It would appear that in the tipped types, some sort of a compromise or physiologi- 
cal balance has been attained between awnedness and awnlessness. This has been 
taken advantage of, consciously or unconsciously, and as a result in the tropics as well 
as in the subtropics, tipped types are numerically more than awned types. Such 
a preponderance of tipped types over awned types has also been observed by Jones 
1927) 

Genetical studies in awning conducted by different workers have shown that one 
to three major genes are involved in the expression of awning. However, it is 
commonly observed that the nature of variation in awning is continuous in any popula- 
tion segregating for this character. From these observations, it may be inferred that 
a system of polygenes besides one or more pairs of major genes govern awning. 
Accordingly, the awnless types could be due to either (i) the presence of only poly- 
genes, each one contributing a little towards the increased expression of awning, but 
the combined effect not being phenotypically identifiable (an an-+-+-+-+....) (ii) the 
presence of dominant major gene or genes combined with polygenes, each contributing 
a little to the decreased expression of awning (An An————....) or (iii) the presence 
of only polygenes, each contributing a little to the decreased expression of awning 
(an an———-—....). Likewise, the genotypic constitution of any awned type can 
be different. 

It is known that awning appears in the autotetraploid of most phenotypically 
awnless diploids. Such diploids could be of the constitution (an an++-+-+....). 
Further, BOupHNE the chromosome complement of diploids with the genotype (an 
an———-—....) would not result in the expression of awns at the tetraploid level. 

In a cross between two genotypes of the constitutions (An An———-—....) 
and (anan++-+-+....) respectively, the F, hybrid would show awning (e.g., Shah, 
1955). 

Whether the loci of the major genes, involved in the expression of awning, are 
the same in both the cultivated rices viz., Oryza sativa and O. glaberrima is yet to be 
ascertained. If the loci involved are different, the difference in awning would be 
due to two pairs of major genes. Studies, carried out by Gopalakrishnan (1959), have 
shown the existence of polygenic system in some of the African forms. 

The knowledge regarding awning and its expression is as yet incomplete 
and further studies are needed to throw light on the different aspects of awning. 


SUMMARY 


A survey of the World Genetic Stock of rice and the collection from Jeypore tract 
in Orissa State shows that (i) the percentage of awned varieties under cultivation 
is as low as 4°3 and (ii) the mutation for awnless condition is likely to have occurred 
very early in the evolutionary history of rice. 

Awning appears to be mostly associated with hardiness, drought resistance, salt 
resistance, non-lodging habit etc. The predominance of tipped types in the cultivat- 
ed rices is taken to indicate that, in these types, a physiological balance has been reached 
between general hardiness and the other advantages associated with awning on the one 
hand and certain desirable characters possessed by the awnless types on the other. 

It is suggested that awning is governed by the action of major gene or genes and 
a polygenic system, thus explaining the continuous variation so commonly observed 
in any population segregating for awning. 


ACKNOWLEDGEMENTS 


We are thankful to Sri S. Sampath, Cytologist for his valuable suggestions and 
to Dr. S. Govindaswamy, Assistant Botanist, Jeypore Botanical Survey Scheme for 


March, 1961] Awning in rice 37 


making available the data on Jeypore collection. The authors are also grateful 
to Dr. K. Ramiah, F.A.O. Rice Expert (Retd.), for going through the manuscript 
critically and for making valuable suggestions. 


REFERENCES 


Anandan, M. (1933). Madras Agric. Sin. Rept., Aduthurai (1932-33): 14-17. 

Chatterjee, D. (1948). es modified key and enumeration of the species of Oryza Linn. Indian J. agric. 
Sci., 18: 185-92.. 

Gopalakrishnan, R. (1959). Cytogenetical studies on interspecific hybrids in the genus, Oryza. Unpublished 
Thesis for Assoc. I.A.R.I., Indian Agric. Res. Inst., New Delhi. 

Hutchinson, J. B. and Ramiah, K. (1938). Description of crop plant characters and their ranges 
variation. II. Variability in rice. Indian 7. agric. Sci., 8: 592-616. 

Jones, J. W. (1927). Inheritance of awnedness in rice. J. Amer. Soc. Agron., 19: 830-39. 

Mendiola, N. B. (1926). A manual of plant-breeding in the tropics. University Press, Manila. 

Ramiah, K. (1953). Rice Breeding and Genetics. Indian Council of Agricultural Research, New Delhi, 
Scientific Monograph, 19. 

Sahadevan, P. C. (1959). Studies on the developmental variation of awn in rice. Curr. Sci., 28: 491-92. 

Sethi, R. L., Sethi, B. L. and Mehta, T. R. (1937). Awnedness and its inheritance. Indian F. agric. Sct., 
73 589-600. 

Shah, S. S. (1955). Morphological and anatomical studies in the genus Oryza. Unpublished Thesis for Assoc. 
LA.R.I., Indian Agric. Res. Inst., New Delhi. 


GENETICS OF PHOTOPERIOD RESPONSE IN RICE 
S. SAMPATH and D. V. SrsHu 
Central Rice Research Institute, Cuttack 


Durinc the course of an investigation on the genetic differences between the japonica 
and indica sub-species of rice, a significant feature was noted in the F, hybrids of these 
two sub-species with regard to photoperiodic response. The F, hybrids in general 
proved capable of flowering and setting seed throughout the year when propagated by 
stubbles or ratoons. It was well established that the indica parental varieties included 
in the presemt investigations were those which normally do not flower under the long 
day conditions at Cuttack from April to October and might be considered short-day 
plants. Since the japonica parents were not sensitive to photoperiod, it seemed that the 
character of japonica parents was dominant over that of the indica parents. Such 
a dominance of insensitivity (period-fixed) over sensitivity (season-bound) had been 
recorded by Srinivasan (Quoted by Ramiah and Rao; 1953) in inter-indica hybrids. 
But this is seemingly contradictory to the findings of Chandraratna (1955) who had 
conducted critical experiments on the genetics of photoperiod response in rice and there- 
fore, a series of experiments were started at the Central Rice Research Institute 
and the first two years’ results are presented below. 


MATERIALS AND METHODS 


Three japonica varieties wz., Gaisen Mochi, Fukoku and <uthio were used as 
parents in these studies. These three varieties behave as period-bound (photo-insensi- 
tive) varieties at Cuttack, flowering in 50 to 75 days of sowing, irrespective of the date 
of sowing. Fifteen indica varieties from India, Burma, Malaya, Indo-china and 
Philippines, selected at random, were used as the indica parents. These varieties were 
of different flowering duration ranging from 110 to 130 days but they were alike in 
being short-day plants (photo-sensitive) 7.e., flowered only in October or November, 
irrespective of whether they were sown in May, June or July. Two other types, 
a short duration indica named Hastikalmi and a wild rice classified as Oryza perennis 
were also used in this study. The work done in 1955-56 showed that the subject 
of flowering response of rice plant to changes in day-length was complex and that 
results could be obtained only by restricting the scope of the experiment and by devising 
suitable techniques. Since a sufficiently large area with facilities for controlling light 
could not be secured, the technique was restricted to the use of natural variation 
in day-lengths at Cuttack from January to December. The day-length (excluding 
twilight) begins to increase above 12 hours after summer equinox on 21st March and 
falls below 12 hours after winter equinox on 2Ist September. 

Rice plants begin to be sensitive to photoperiods after a basic vegetative growth 
of 25 to 35 days. The photoperiod induction phase is about 20 days under suitable 
temperature conditions and panicle differentiation and emergence takes another 15 
to 25 days. A rice plant flowering on 5th April would have formed the primordia by 
20th March and this differentiation would have taken place under the photoperiods, 
prevailing from Ist to 20th March, which are short days. It was established that when 
ratooning or stubble propagation was adopted, the flowering of the tiller depends 
on the day-lengths prevailing at the time of the development of the tiller and not 
on the previous history of the plant. That is, a short-day plant ratooned in May will 
flower only in October, but when ratooned in October will flower in November. 
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Using these established features of the rice plant, the photoperiod character studied 
was whether a plant of given genetic constitution could flower under long day condi- 
tions prevailing in the months of May, June, July and August. Those capable of flower- 
ing under long day-lengths were termed insensitive and those flowering under only 
short day-lengths, sensitive. 

Stubbles of F,; hybrids were cut and propagated every month of the year and the 
time of panicle emergence noted. It was found that with suitable precautions this 
procedure could be adopted indefinitely. For testing F, behaviour, seeds from F, 
plants were germinated by Ist April and transplanted in the field in the Ist week of 
May. The number of plants that flowered upto Ist September out of the total popula- 
tion for each combination was counted. The segregating ratios of flowered to non- 
flowered plants were considered equivalent to ratios of non-sensitive to sensitive plants. 
In the following year an experiment in ratooning of two F, populations was done. The 
shoots were cut completely, bimonthly and the ratios between flowering and non- 
flowering plants were recorded as before. 


RESULTS 


The hybrid between two insensitive varieties, Fukoku (japonica) and Hastikalmi 
(indica) was insensitive and the F, progeny were all insensitive, all flowering before 
September. 

The F, hybrids between Fukoku (japonica) and 11 sensitive indica types were 
insensitive, and the ratoon crops established in April, flowered freely in May. With 
these hybrids, an unexplained observation was made. There was a cessation of 
flowering with the onset of monsoon in June, July flowering was sparse and August 
flowering was normal. The F, hybrids between the japonica variety, Zuihio and 
a similar set of sensitive indica varieties were sensitive and the ratoon crops failed to 
flower between April and the middle of September. The segregation for sensitiveness 
in the F, populations of these hybrids is presented briefly in table la. 

The ratios obtained show definite consistency. The experiments have to be 
repeated in detail and the genetics of selected F, populations also studied, before a 
valid interpretation of the number of genes involved can be made. The data present- 
ed, however, definitely show the trend of inheritance and dominance. Table la 
indicates that insensitiveness is dominant when Fukoku is used as a parent. The F, 
ratios are either 15 : 1 or 3 : 1 for insensitivity. The variety Zuihio has been recorded 
as being sensitive to photoperiods in Japan (Morinaga and Kuriyama 1954). 
However, it flowers as an insensitive variety at Cuttack and therefore, it can be termed, 
partly-sensitive. Under high temperatures and not too long days in the tropics, it is 
insensitive—<uihio X indica hybrids must be considered as crosses between partly- 
sensitive X sensitive varieties. In these crosses, the F, is sensitive and in the F, sensitive- 
ness is dominant. wuihio and Fukoku differ only slightly in their duration at Cuttack 
(Table 1b) but on hybridisation with sensitive zndicas, their different genetic make up 
with regard to sensitiveness is brought out. 

A check of dominance relationship was obtained by using ratoon crops of F, 
populations. The crosses used were Fukoku x B.A.M. 9 and Fukoku x (Luachai x 
Gurumatia). The procedure was to cut the shoots down to 4-6 inches above the soil. 
Under the irrigated conditions in summer all the plants made good growth. After 
growth and flowering if any, for 2 months, the plants were again cut back. The data 
of number of plants flowering under these conditions is given in table 2. 

It may be seen that the flowering in June-July. was significantly different 
from that in the preceding or succeeding months. A combination of high tempera- 
ture and humidity may have caused this anamolous result, but further investigations 
are necessary. 
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TABLE la 
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Flowering ratios in F, generation of the different japonica X indica cross combination studied 


No. of No. of Approxi- Chi? 
ae hanais insensi- sensitive mate value Dominant 
ee ea tive plants ratio (P=-:05) character 
plants fl:non-fl) 
GAISEN MOCHI x ea, 275 18 len 0-005 Insensitivity 
FUKOKU x INTAN 94 8 |e oer | 0-445 5 
FUKOKU x Dj-MUDJAIR 149 1] erp! 0-107 » 
FUKOKU x MONGCHIN 83 25 a Q@- 197 09 
FUKOKU x MECANTAGO 48 16 Sieul 0 5. 
FUKOKU x BAM. 3 125 40 Soot! 0-050 S 
FUKOKU x KHAO-TA- HANG oe 31 a 0-790 5 
FUKOKU x B. 405 . : 59 21 = eee 0-067 o 
FUKOKU x MILAGROSA 152 43 Beal 0-904 , 
FUKOKU x REYONG-6 84 38 See 2-459 3 
FUKOKU x CGONCEJALA 78 28 ait | 0-113 a 
FUKOKU x OTRE.. 88 Oe ou 0-170 3 
FUKOKU x HASTIKALMI 84 0 (No Segregation) 
ZUIHIO x MECANTAGO 31 101 i aSec 0-162 Sensitivity 
ZUIHIO ~x B. 405 39 103 io 0-460 - 
ZUIHIO x OTRE .. 26 82 ie 0-049 6s 
ZUIHIO x LUACHAI 6 104 1p Ug Mee I le, ss 
ZUIHIO x REYONG-6 4 74 SSL OES $5 
LOTHIO XD. 2422 14 144 Loy sl OoG . 
ZUIHIO x MONGCHIN 5 10 144 1:45" 0016 i 
ZUIHIO x SUBANGINTAN .. 12 14] Te 1D E0669 95 
TABLE lb 


Flowering duration of parents 


Name of variety Date of sowing Date of flowering 


a ee 


FUKOKU . 26th March 1957 12th May 1957 48 days 
ZUIHIO .. 26th March 1957 ~— Ist June 1957 68 days 
GAISEN MOCHI _.. 26th March 1957 4th June 1957 71 days 
INDICAS .. 26th March 1957 ~— After Ist Oct. 1957 Season bound 


TABLE 2 


Flowering ratios in F, periodic ratooning experiment 


Approximate Ratios 
F, of Cross combination of plants 
April-May June-July —_—Aug. Sept. 
FUKOKU x B.A.M. 9 15): 1 onl 1os31 210 
FUKOKU x (LUACHAI x 
GURUMATIA) 1531 1:l 15; 238 205 


Flowering duration 


Total No. 
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Discussion 


The results reported refer to studies on the dominance or otherwise of insensitive- 
ness to photoperiod in indica xX japonica hybrids under tropical conditions. Such 
a study has not been made previously and therefore the results cannot be strictly 
compared with previous work. Chandraratna (1955) has worked with intra-indica 
hybrids under tropical conditions and has found sensitiveness to be dominant 
giving a simple 3:1 ratio. Japanese workers (summarized by Morinaga, 1954) 
have studied genetics of photoperiod sensitivity in intra-japonica hybrids under 
temperate conditions. They have found that six pairs of genes control photoperiodic 
response and earliness of rice varieties, and have indicated interaction between the 
genes, and also the sensitiveness of two pairs of these genes to temperature in affecting 
the flowering duration. A parallel work by Yu and Yao (1958) using two japonica 
varieties has shown that at least two loci are concerned with the control of flowering 
duration. They designate the photoperiod response loci as Se and se and this is 
epistatic to another gene pair controlling earliness, Fl and fl. They have also shown 
that by suitably designing the experiment, two different ratios for earliness can be 
obtained from the same hybrid combination. Ramiah and Rao (1953) have cited 
a number of genetic studies on flowering duration in indica rices and have 
indicated the existence of multiple genes. They have also cited instances, where 
sensitivity was inherited as dominant and other instances where it was recessive. 
Environmental conditions are bound to have a profound effect on the expression of a 
physiological character like flowering and therefore the conditions of experiment 
should have a decisive effect on the results. In Cuttack, during April, May, June and 
July, the day-lengths are shorter than in Japan. ‘The temperatures are, however, higher 
particularly in April and May. The humidity is also likely to be different from that 
prevailing in Japan. Since the Japanese workers have shown that temperature 
affects photoperiod response in rice, and since it is well established that temperature 
profoundly affects all aspects of plant physiology, the present results can be interpreted 
as revealing that temperature interacts with photoperiod in the initiation of flowering. 
The interpretation would be on the hypothesis that one or more loci control response 
to temperature in affecting flowering duration. The variety wuzhio is sensitive in 
Japan and has a very much extended duration under 13 hours or more of day-length 
(Morinaga and Kuriyama, 1954). However, .the long day-lengths in June and July 
at Cuttack do not inhibit flowering in Zuihio and it can be termed insensitive, (but 
different from Fukoku, which is definitely insensitive) and the hybrids between Zuihio 
and the indica varieties behaved as sensitive. Therefore, the inference is that certain 
other genes concerned with temperature response, affect the expression of the genes for 
photoperiodic response. 

The variety Fukoku is from Hokkaido of Northern Japan and is considered to be | 
very sensitive to temperature conditions. On hybridization with the wild rice, 
O. perennis. var. Balunga, the F,; hybrid behaved as photoperiod insensitive like 
Fukoku; it is significant that a character from a cultivated rice is dominant over that of 
a wild species. The possible explanation is that the genes modifying photopericd res- 
ponse transmitted by the Fukoku parent cause dominance of photoperiod-insensitivity 
as in crosses with other cultivated rices. It may be pointed out that sensitiveness 
to temperature would be an important character of selective advantage in japonica 
varieties as they have to grow and yield under lower mean temperatures than in tropical 
countries. 


SUMMARY 


The genetics of sensitivity to day-length was studied in the F, and F, of 
hybrids between the japonica rice varieies, Fukoku, Gaisen Mochi and Xuihio and a 
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number of indica varieties of rice, of different durations and photoperiod sensitivity. 
The data showed that the short duration and low photoperiod-sensitivity of Fukoku 
and Gaisen Mochi were dominant over the long duration and high photoperiod-sensitivity 
of the indica parents and of a wild rice studied, giving Pol ratios of 10". 1 and 3 2/%, 
The corresponding Kuihio hybrids showed sensitivity and in the F, insensitivity 
occurred as a recessive character in ratios of 1:3 and 1:15. The variety <uchio, 
which is recorded in Japan to be sensitive to photoperiods, behaved almost as an 
insensitive variety at Cuttack. It is inferred that temperature, or some other environ- 
mental factor, affects the expression of photoperiod response and the present results 
were interpreted by assuming that the genes modifying photoperiod response showed 
segregation in the hybrids studied. 
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CYTOGENETICAL EFFECTS OF X-RAYS, THERMAL NEUTRONS AND 
B-PARTICLES ON ORYZA SATIVA L. 


S. V. S. Sastry and K. RamataAH 
Division of Botany, Indian Agricultural Research Institute, New Delhi-12 


Mutation studies in rice, Oryza sativa were initiated by Ichijima (1934) in Japan 
and Ramiah and Parthasarathy (1936) in India. The mutants secured in their studies 
were chlorophyll deficient or teratological abnormalities which have not roused much 
interest among plant breeders. More recently, however, workers in U.S.A. (Beachell, 
1957), China (Chang, 1959), Japan (Masima and Kawai, 1958) and India (Bora 
and Rao, 1958) reported different viable mutants which might serve as useful breeding 
material for the improvement of this crop. The present study was undertaken to 
determine the morphological and cytogenetic changes accompanying radiation 
with three mutagens, and to determine whether the mutation spectrum can be altered 
by employing specific mutagens. 


MATERIALS AND METHODS 


A strain of rice, N.P, 130 (bred at the I.A.R.I.), was chosen for this study. Dry 
and soaked, dehusked seeds, spread in a single layer in petri dishes, were subjected to 
X-irriadiation employing a Philips medical X-ray unit. Irradiation with thermal 
neutrons was done at the‘‘ Apsara”’ reactor through the courtesy of the Atomic 
Energy Establishment, Trombay. For Beta irradiation,.dehusked seeds of rice were 
soaked in dilute solution of H,S%5O, received from Harvell in the U.K. 

Emergence of coleoptile was taken as indication of germination. Lethality of 
the treatment was determined at various time intervals, but data at the 14th day alone 
are used in the discussion of the results. The uptake of $35 by the seeds was con- 
firmed by autoradiography of the seedlings. 

Spikes of suitable stage were fixed in acetic alcohol (1 : 3 by volume) to which 
traces of ferric chloride were added. After fixation at 14°C for 24 to 48 hours, the 
material was transferred to 70 per cent. ethyl alcohol in which it was stored till used. 
The anthers were squashed in 1 per cent. aceto-carmine to which traces of ferric acetate 
were added. 

For the study of mutations, the M, generation was raised as ear-row progenies 
from the selfed tillers of the M, plants. 


RESULTS 


Germination.—Germination was completely unaffected even at the highest dose of 
X-rays (44 kr. to soaked seeds) employed, while it was reduced only by 12 per cent. 
in the highest dose of (9 fc per seed) S35 treatment. Germination was significantly 
quicker in all the doses of thermal neutron irradiation. While the control exhibited 
germination of only 36-66 per cent. of seeds at 24 hours, at an integral flux of 3-29 
% 10!2 of thermal neutrons, 90-24 per cent. of the seed germinated by this time. 

Lethality.—Lethality of the seedlings following irradiation was pronounced 
in X-ray and S% treatments while it was negligible in the treatment with thermal neu- 
trons. Data on lethality are presented in table 1. The L.D. 50 for the soaked series 
was below 11 kr, while for dry seed it was between 22 and 33 kr, for this variety. 
3, 6 and 9 fc of S%/seed were lethal to 29-0, 60-0 and 75-0 per cent, of the seedlings. 
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Lethality following irradiation with thermal neutrons was negligible and was compar- 
able to that in the control series. 


TABLE | 


Lethality in M, generation of rice treated with X-rays, thermal neutrons and B-particles 


Number of Percentage Percentage 


Treatment Dose seeds lethality increase 
treated on 14th over 
day control 
X-rays (dry) seeds ens be a3 110 eS, 24-8 
22 kr 106 38-7 S226 
33 kr 110 7425 68 -4 
44 kr 108 a7 2 OF) 
X-rays (soaked) seeds Ree Wel ee 96 95-8 89-7 
ZUKE 96 100-0 B50) 
33 kr oy, 100-0 fece) 
44 kr 94 100-0 93°°9 
Thermal neutrons eo SOO es On 206 Pe We, 0-0 
4327 X 10N 248 36 +3 4-6 
4-40 <- 10" 250 30-4 0:0 
8-particles . 3 Pec per seed 100 29-0 23 -0 
6 Hc per seed 100 60-0 54:0 
9 /c per seed 100 75-0 69-0 


e 


Height:—Irradiation with X-rays markedly reduced the height of the seedlings, 
this reduction being very pronounced beyond 22 kr in the dry and 11 kr in the 
soaked treatments. Some of the seedlings in these treatments were broad-leaved, 
exceedingly short and exhibited premature tillering. Likewise, the seedlings originat- 
ing from the seed treated with 9 Mc of S35 per seed were significantly shorter compared 
to the control and lower doses of isotope treatment. Irradiation with thermal neutrons 
in the dosage range tried in the present study, however, led to an increase in height 
(21-1-29°6 per cent.), as against the control, at 7 days. Height reduction following 
neutron irradiation was only 1 +2 to 8-5 per cent. at the 14th day while it was 3-7-80°3 
per cent. following X-irradiation. Further, the coefficient of variability for height 
within the treatments of X-rays ranged from 13-42 to 34-0 at 7 days and 41-6 to 61-5 
at 14 days, while those in the neutron irradiation treatments ranged from 23-0 to 
30:5 at 7 days and 28-2-30:4 at 14 days. It would be clear that the height of the seed- 
lings at the 14th day was more uniform following neutron irradiation than under 
X-irradiation. 

Chimeras.—Following X-ray and thermal neutron irradiation, five plants were 
green-albina striatas, and one was a complex chimera with green-albina-xantha stripes 
on different tillers. Except for one green-albina striata which segregated for green and 
albina plants, all the others gave normal green plants in M, generation. Further, none 
of these exhibited any detectable cytological abnormalities in the M, generation, 
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Meiosis. —Cytological study of the irradiated plants was confined only to meiosis 
since the available techniques do not permit quantitative study of chromosome 
aberrations in somatic metaphases. 

Multivalents were of most frequent occurrence following X-irradiation. The 
highest association observed was a hexavalent (Fig. 3), while the number of quadriva- 
lents ranged from 1-3 per PMC (Figs. 2, 5 and 6). Meiotic abnormalities occurred 
in a small percentage of the cells studied, not only in the treatment as a whole, but 
also within the single ear of the M, plant. In some M, plants, the quadrivalents were 
asymmetrical. Following thermal neutron irradiation, quadrivalents were observed 
in 5 out of 98 PMOGs studied in only one out of the seven plants that were treated at a 
dosage of 3-5 x 10'7 integral flux. In other treatments no abnormalities were 
recorded. A single quadrivalent per PMC was recorded in 2 out of 15 plants studied 
in the treatment, 9 Mc of S35 per seed. 

Chromosomal b-idges accompanied by fragments (Fig. 4) were less frequent 
than multivalents in all the treatments studied. These were recorded only in 2 out 
of 18 and 1 out of 17 plants studied in isotope treated and X-irradiated material 
respectively and even in these their frequency was low in a single ear of the M, plant. 
Unequal bivalents at diplotene, indicative of terminal deletion (Fig. 1) of one of the 
chromosomes of the bivalent, were recovered in isotope treated material, but not in 
material treated with other mutagens. Minutes at diplotene were recorded in a few 
PMCs in all the treatments. Pachytene analysis revealed small differential segments 
(Fig. 7) in all the treatments. A summary of the meiotic data of the irradiated plants 
is presented in table 2. 


RABE 


Meiotic abnormalities in M, generation of rice treated with X-rays and B-particles 


| 
| 


: = Multivalent fre- See ere 
a0 fA quencies ne ee ae ei a 
‘Treatment te = ciety Oey wee r s 
i ee = Se ooo anes 
S oe ee teas ices be hs 
Cee es ite ive ives Ve OO aa Lo P= 
X-rays (dry 
seeds) ee kt 340" eed Gams 6 ] 
S3ukr: BL DISS a(85) 5 2 ] 
44 kr. (35. lS 
B-particles(S35) 6 Mc SIE OD Es a igs = ai ai Fre i 3 
9 Uc i) S39) 14 4 Ae ie I He 4 zy 6 


Mutations.—Quantitative data on mutation rate were collected only for chloro- 
phyll mutations in M, generation (Table 3). The mature plants also exhibited 
considerable variability for awns, flowering duration, tillering and height, some plants 
being strikingly different from the controls. However, their breeding behaviour 
would have to be confirmed before they are considered as mutations. 

Chlorophyll mutation rate exhibited a steady increase with an increase in dosage 
of isotope treatment while it declined with the increase in dosage of X-rays, the 
exception being of 44 kr treatment where the number of plants studied itself was limited 
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S35 treatment, 9 #c per seed. Diplotene 12;,. One bivalent (—) unequal. 

X-rays, 33 kr. Diakinesis. liv + 10;y. Two large nucleoli. 

X-rays, 22 kr. Diakinesis. ly: + 9n. Two small nucleoli. 

S35 treatment, 9 #c per seed. Anaphase I. Chromatin bridge with a fragment (+). 
X-rays, 22 kr. Diplotene. liy + 10h. 

X-rays, 33 kr. Diakinesis. liv + 10). One large and one small nucleolus. 

X-rays, 22 kr. Pachytene. Differential segment (—) on one bivalent. 
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by reason of poor viability. The chlorophyll mutation rate in relation to different 
doses of neutron irradiation was not conclusive. Further, of the 15 segregating 
cultures in all the treatments, only 7 exhibited a clear 3 : 1 ratio of normal : mutants 
while the rest were characterised by a great shortage of mutant phenotypes, 


TABLE 3 


Frequency of chlorophyll mutations in M, generation of rice treated with X-rays, thermal neutrons 
and B-particles 


No. of Percentage of M, Percentage 
Treatment Dose plants _ plants segregating for _ of total 
studied ——-———— chlorophyll 
albina xantha mutations 
X-rays (dry seeds) .. 11 kr’ 40 [EVES 2S) 10-0 
22 kr 49 2-0 4°] 6-1 
33 kr 8 ra re 0:0 
44 kr 2 50:0 ei 50-0 
Thermal neutrons eee ee LOT 60 1-7 fas Tacs, 
AeB las Ot 10 Zi 10-07 15 10.°0 
4-40 x10 2 bg mb 0-0 
B-particles (S35) .. 3 Pec per seed 5 Si A 0-0 
6 Hc per seed 4) ad 20-0 20-0 
9 Mc per seed 7 14-3 42-9 97 +2 
Discussion 


Chromosome breakage.—Cytological and genetic effects of ionizing radiations 
are traceable largely to chromosome breakage at the microscopic and sub-microscopic 
levels. Irrespective of the mechanism of their production (direct or indirect effects), 
the breaks might undergo restitution or reunion or remain open. While an accurate 
estimation of the breakage frequencies is possible only at the earliest intervals after 
irradiation, the genetic effects of these treatments are more clearly visualized by the 
studies of meiosis of the M, plants. 

Multivalents were the most frequent abnormality noted in the M, generation, 
the highest association observed being a hexavalent. These were most frequent in 
X-rayed material, followed by neutron and isotope treated ones. The low recovery 
of multivalents after neutron treatment might be due to the low dosage range employed, 
as evidenced by the stimulation of growth noted in the present study and by compari- 
son with the dosage employed by Bora and Rao (1958). The low recovery of multi- 
valents in isotope-treated material is more likely to be due to the low probability 
of origin of two breaks in the same nucleus following chronic internal radiation. 
Following X-irradiation, however, several breaks are likely to be produced in the 
same cell simultaneously, some of which might undergo reunion. Ichijima (1934), 
Parthasarathy (1938), Oka et al. (1953), Ouang (1958), Soriano (1959) and others 
reported quadrivalents following X-irradiation. ; 

Chimeric nature of M, plants.—The mature seeds of Oryza sativa have 2-3 primordia 
laid down at maturity (Kepling, 1940). When such seeds are irradiated it is possible 
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that only one of the primordia is affected cytologically. In such a case only one of the 
major tillers may exhibit cytological abnormalities and genetic changes. This 
situation is realized in most of the cereals (Mackey, 1954). Even in dicotyledonous 
plants, only single branches of M, plants exhibit chromosome abnormalities and results 
in mutations (Blixt, Ehrenberg, and Gelin, 1958; and Gottschalk, 1960). The 
remaining tillers or branches might originate either from the mutant sector or from 
the normal tissue. The present study, where the individual tillers were separately 
raised in Mg, generation, clearly revealed that only 1-3 tillers per plant exhibit 
chlorophyll mutants. Exceptionally, however, all the tillers (seven) of one M, plant 
exhibited mutations (Achari, unpublished). ; 

The genetical and cytological identity of the cells of a single tiller itself is not 
universal and is dependent upon the number of cells in the primordium which give 
rise to it. In barley, it was at one time assumed that a single cell in the primordium 
gives rise to a tiller by a series of mitotic divisions, since Caldecott and Smith (1952) 
found that all PMCs of a spike had identical chromosome aberrations. Mackey 
(1954), on the other hand, recovered chimeras for panicle type in- the same ear, 
thereby indicating that it is possible for more than one cell in the primordium to 
contribute to the formation of the tiller. Anderson, Longley, Li and Retherford, 
(1949) likewise, showed that within a single tassel of maize, the chromosome abnor- 
malities differed in the different branches and they inferred that more than one cell 
of the primordium is involved in the formation of the tassel. 

The low frequency with which the chromosomal aberrations were recovered 
in X-irradiated rice might be considered in the light of the above discussion. The 
growing points ofrice are perhaps so organized that more than 2-3 cells might contri- 
bute to the formation of a single panicle. In such a case, following X-irradiation, 
even within the same tiller, the chromosome aberrations might cover a broad spectrum 
depending upon the relative damage to the different cells in the primordium. 

Isotope ¢reated material can be expected to be highly complex chimera for yet 
another reason. 6-particles are emitted at different intervals of time, with every 
ionization produced by the radioactive decay leading to a new cytogenetic event, with 
howsoever low a probability. In such cases, the operation of diplontic selection (Gaul, 
1959) and the origin of fresh breaks proceed simultaneously during the entire growth 
phase so long as the activity lasts. In the short-duration variety used in the present 
study, by the time M, plants are undergoing meiosis, even the half-life of the isotope 
(S35, 87-1 days) is not passed. Some of the terminal deletions recorded might owe 
their origin to chromosome breakage one or two divisions prior to the formation 
of PMCs. Insucha case the aberrant cells are expected to be limited in number as was 
realized in the present study. Superimposed upon these limitations are the smallness 
of the chromosomes and the high terminalization coefficient in rice leading to the 
reduction in the associations and thereby increasing the variability within the same 
panicle. 

Diplontic selection.—It is commonly observed that following X-irradiation, the 
chromosomal aberrations are the highest at the earliest interval and show a decline in 
samples taken at 48-96 hours after irradiation (Bhaskaran and Swaminathan, 1960). 
These observations are indicative of “‘ threshold effects ”’ in the detection of chromosome 
abnormalities. At very low doses, the frequency of cytogenetical changes in a tissue 
is less and these might get further reduced by lethality of the affected cells. At 
very high doses, the severely damaged cells might be eliminated by lethality followed 
by proliferation of normal tissue. It is only at a “‘ critical dose’ that the frequency 
of occurrence of abnormalities is considerably greater compared to the elimination 
of such abnormalities. In the X-rayed material in the present study, the operation 
of diplontic selection was clearly noticeable. At very low doses, 11 and 22 kr, seedling 
lethality was less and chromosomal abnormalities were more frequent than at high 
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doses (33 and 44 kr. dry and 11 to 44 kr. soaked) where the lethality was great and the 
abnormalities recorded at meiosis were considerably less. This observation is most 
readily interpreted as being due to the operation of rigorous selection against the aber- 
rant cells at higher doses. 

Chlorophyll mutations.—Chlorophyll mutations are very commonly encountered on 
irradiation of diploid cereals. While these occur with a very low frequency (1 in 500 
to 1,000) even in untreated populations of some varieties of rice (Imai, 1935; 
Ramiah, 1953), those originating from irradiation are unmistakeable by their occurrence 
in M, generation in approximately a 3 : 1 ratio of normal to mutants. The chlorophyll 
mutations reported in the present study were of two types—albinas which were fully 
white and xanthas which were fully yellow. While both were lethal, the latter died much 
earlier. Similar differences have been noted in the survival of the mutants in wheat 
(Gustafsson, 1947). 

Ramiah and Parthasarathy (1938) reported the segregation of 3:1 and 15:1 
of normal : albina and of 3: 1 segregation for normal : xantha in X-rayed material of rice. 

- Kadam (1941), however, reported the ratios 15:1 and 3:1 for green: xantha in X-rayed 
material office, At the time the investigations were undertaken by the above mention- 
ed authors, the necessity of keeping the different tillers of the M,; plants separately was 
not realized. Consequently, these results are not strictly comparable with those of the 
present investigation where the ear-row progenies were raised separately. However, 
a segregation of 15:1 necessitates a simultaneous mutation in 2 loci controlling the 
same character which can happen, only at a very low probability. The results obtained 
by Ramiah and Parthasarathy (1938) and Kadam (1941) might well be taken as an 
indication of a mutation at a single locus but the great shortage of the mutant class 
might be due to bulking of affected and unaffected tillers. 

The results obtained in the present investigation may be examined in the light 
of the above discussion. Barring the 44 kr treatment, where the population was limit- 
ed to two M, plants, in all other treatments chlorophyll mutations occurred only in 
1-7 to 57-2 per cent of the M, plants studied. Of these again, more than 50 per cent 
of the cultures exhibited significant deviation from a 3 : 1 ratio even though the tillers 
were scored separately. In general, the mutant types were in considerable shortage. 
While some of these can fit into 15 : 1 or 63 : 1 ratios, such an attempt was not made 
in the interpretation of the data since the occurrence of simultaneous mutation in 2 
or 3 loci governing the same character is a highly remote possibility. On the other 
hand, if it is postulated that a single tiller of the M, plant itself is a chimera since 
it originates from more than one cell of the primordium, a conclusion adequately 
supported by the cytological studies presented here, the deficiency of the mutant types 
can be easily understood. Bekendam (1960) arrived at a similar conclusion based 
upon the studies ofgenetic ratios in irradiated rice. Further, some of the mutants 
might be associated with gross structural changes which might reduce their transmission 
in the haplontic phase. Even in the diplontic phase, associated with homozygosity for 
some of these mutants, embryonic elimination (diplontic sterility) might be operating 
or the seeds which are to give rise to albina and xantha phenotypes might exhibit poor 
germination. Unfortunately, in the present study, the sterility of the M, plants was 
not studied and hence some of these alternatives could not be eliminated. 

The next significant observation of the present study was the negative relation- 
ship observed between dosage of X-rays and the rate of chlorophyll mutations. 
Although the number of plants studied in the different treatments was different (for 
reasons of viability), this general tendency was obvious. Following neutron treatment, 
however, the relationship was conflicting. The chlorophyll mutation rate in $%5 treat- 
ment, in sharp contrast to that of other two mutagens employed, exhibited a steady 
increase with the increase of activity. However, dosimetry with regard to isotope 
treatment is difficult since the absorption of the isotope can vary and, further, these 
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are cumulative radiations. On the basis of these data, it is possible to draw some 
general conclusions. Irradiation with X-rays might lead to considerable physiological 
damage and therefore might lead to elimination of drastically affected cells in the sur- 
viving seedlings by diplontic selection. This would result in a drop in chromosomal 
changes and chlorophyll mutation rate with increase in dosages. Following neutron 
irradiation, however, the nuclear damage is considerable while the physiological change 
is less (Ehrenberg, 1955), as was evidenced by the lethality data in the present study. 
Consequently, it is expected that chlorophyll mutation rate would increase with the 
increase of dosage. The data secured in the present study, however, did not support 
such expectation. It was perhaps because the dosage range tried was by itself low; 
this aspect needs verification in further experiments. The increased chlorophyll 
mutation rate (57-2 per cent) at a dose of 9 fc of S35 per seed, which is lethal to 
75 per cent of the seedlings, clearly indicates that the cumulative effects of the radiations 
might offer a positive approach to maximisation of mutation rates and that even doses 
beyond 9 Mc per seed might be more effective in producing chlorophyll mutations. 
Higher lethality in such treatments can be partly offset by taking large number of 
seeds per treatment. This also points to the possibility that lethality and genetic 
damage are controlled by two different phenomena. 

Although it is realized that, by and large, mutational events following ionizing 
radiations occur at random with reference to nuclear targets and the evidence in favour 
of preferential breakage following ionizing radiations is limited (Swaminathan and 
Natarajan, 1957), the spectrum of mutation is greatly influenced by the mutagen 
employed. In barley, the erectoides mutations occurred more frequently following 
neutron irradiation, while the speltoides mutations occurred more frequently following 
X-irradiation, (Mackey, 1954; Natarajan, Sikka and Swaminathan, 1958). The 
present study indicates that the xantha mutants were more common in the isotope 
treated material than in the X-rayed or thermal neutron treated ones. This observa- 
tion, however, requires confirmation in further experiments since the number of M, 
plants studied was limited. 


SUMMARY 


A variety of rice, N.P. 130, was irradiated with X-rays, thermal neutrons and B- 
particles from $%5. Data on germination, lethality, height and meiosis of the M, 
generation are discussed. The chimeric nature of M, plants and its significance for 
the yield of chromosomal aberrations in M, generation and the recovery of mutations 
in M, generation are discussed. Data one chlorophyll mutation indicated that 
xantha mutations were more frequently encountered following treatment with S35 
while albinas were more frequent following X-irradiation. 
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“XENIA ” IN OLEIFEROUS BRASSICAE 
S. S. Rayan and S. B. P. Rao 
Division of Botany, Indian Agricultural Research Institute, New Delhi-12. 


Wuen plants of Brassica chinensis were crossed as females with different types of toria, 
a differential increase in the size of the pods and of the seeds has been reported 
(Singh, 1957). This has been explained as being due to the phenomenon called by the 
author ‘‘ Xenia’’, and a suggestion has been made that this phenomenon can be 
usefully exploited in increasing the seed yield of self-incompatible species of Brassica. 
It would appear that what the author implies here by the term “ xenia ”’ is the pheno- 
menon generally referred to as ‘metaxenia’. The basic issues involved are (i) 
whether increase in seed size is to be termed as a xenia effect, particularly when the bulk 
(over 98 per cent) of the weight of the seed is made up of cotyledons; (ii) whether the 
reported increase in yield is due to an increase in seed weight or in seed number; (iii) 
whether the increase in siliqua size (presumably length) is the cause or the effect of 
increase in seed weight or number. 

The present study was undertaken to find out whether similar observations 
could be repeated in toria. The method of analysis attempted here is to find out 
whether, under a wide spectrum of pollination provided by varying degrees of random 
to assortative matings,’a given group of females show any relationship between seed 
number, fruit size and seed weight. Metaxenia effect, if present, should be manifest 
as correlations, between any two of these characters, widely differing in sign and 
magnitude. 


MATERIALS AND Metuops 


The experimental material used was colchicine-induced autotetraploid stocks of 
toria, Brassica campestris var. toria, in the C,g generation and the diploid Type 22. The 
material was divided into five different sets as follows: 

(i) Set J.—From a general, non-experimental field of tetraploid toria, fifty 
plants were chosen at random to serve as females. The mating was completely random, 
without selfing on account of self incompatibility of this material. This set is referred 
to as ‘ uncontrolled pollinated set’. 

(ii) Set IJ.—This set consisted of fifty plants sampled from a ‘ polycross field ’ 
made up of open pollinated progenies of plants selected on their performance in the 
previous season. Two specific features of this set were (4) the females were from pro- 
genies of selected plants and (b) all the females had the maximum opportunity to be 
fertilized by all the males. This set is referred to as ‘ Polycross set ’. 

(iii) Set J7.—Open pollinated progenies of six of the selections included in the 
polycross field were raised in pots (minimum of three pots each) in a net house far 
away from any other Brassica plant. Pollination was through the agency of bees but 
was confined to inter se crossing of 27 plants. This set is similar to Set II except in 
that, all combinations are not expected due to reduced randomization and replications. 
On the other hand, all matings are necessarily inter se through the male parent cannot be 
specified in each case. This is referred to as ‘ Restricted pollinated set’. 

(iv) Set IV.—Five of the six selections referred to in Set III were used as 
females using in each case three different males. The pollination was done by hand 
under controlled conditions, (though emasculation was omitted on account of self 
incompatibility), This differs from all the other sets in that both the parents of each 
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pollination are known. Omitting reciprocals, 17 different cross combinations amongst 
five selections were made. This set is referred to as ‘ Controlled pollinated set’. 

(v) Set Vi—This set was similar to Set I above except that the material was 
diploid toria type 22 and was intended to serve as a check to indicate whether the trends 
of observation in the other four sets are comparable to that in the diploids, or are 
peculiar to the tetraploids as a consequence of tetraploid genetics and physiology. 

It will be seen that in the four sets described above, from Set I, in which the 
females had no selection history and males were unknown, to Set IV, in which selected 
females were mated to specific males complete by random to assortative mating is 
obtained. 

In all the five sets, observations were recorded on seed fertility, expressed as 
the number of seeds per siliqua, and fruit size, expressed as the length of the seed-bearing 
part of the siliquae, 7.e., excluding the beak and the pedicel, at the mature stage. Seed 
weights were recorded on 100 seeds in sets III and IV. Sampling of fruits was done 
from the middle third of the main stem from which ten fruits were picked at random, 
a procedure found to be representative of the entire plant and routine in these labora- 
tories. Ovules were counted by dissection of ovaries collected on the day of flower 
opening. Data on seed number, fruit size and seed weight were collected at the mature 
stage. 

Z Coefficients of correlations were worked out in the usual manner and their 
significance tested by the ‘t’ test and also after ‘ z’ transformation. 


RESULTS 


Table 1 records the number of seeds per siliqua and the siliqua length (seed bear- 
ing portion) and the correlation coefficients between them in the different sets under 
observation. The data from the controlled pollinated set is presented female-parent- 
wise as well as collectively. It will be seen from the table that there is a significant 
positive correlation between seed number and siliqua size under the different types 
of pollinations. Only in two cases, viz. in female parent IX and XI, are the correla- 
tions not significant. In the former it misses being significant rather narrowly as will 
be seen from the ‘t’ value in table 1. The different ‘r’ values do not differ amongst 
themselves significantly, as comparison after ‘ z’ transformation shows, except in the 
case of female parents XI and V. The pooled r values of the diploids, of the tetraploids 
in all the four sets, and of all the females of set IV, shown in table 2, indicate that the 
correlation, in its magnitude and sign, is uniform over all the different degrees of 
assortative pollination. From this we can derive the following conclusions (i) the 
siliqua length is positively correlated with seed number, the ‘r’ value being 0°4, (ii) 
this correlation is not disturbed by varying the randomness (or assortativeness) of the 
male parents, nor is it disturbed by autopolyploidy. 

From the foregoing it appears that the size of the siliqua is determined by.the seed 


number. This, in turn, is determined by the number of ovules and by the proportion - 


of these ovules that are fertilized and develop into mature seed. This is clearly shown 
by the data in table 3 in which the correlation between the ovule number on the day 
of opening of the flower and the seed number at maturity is presented. Thirty plants 
each of diploids and tetraploids were sampled at random and five ovaries from each 
plant from the middle of the main stem were fixed in acetic alcohol on the day of the 
opening of the flower for this purpose. Ovule counts were made under a dissecting 
microscope. From the same plants seed fertility counts were made at the mature 
stage from the siliquae on the main stem. The data were compared and correlations 
worked out. It is seen that both in the tetraploids and in the diploids there is a highly 
significant, positive correlation between the two characters. This suggests that the 
differences in the seed fertility amongst the plants in the tetraploids as well as in the 
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TABLE | 


The number of seeds per siliqua and siliqua length and the correlation between them 
under different conditions of pollination 


Number of seeds Size of fruit in Correlation between Unit 


Total per siliqua mm. seed number & fruit — fruit 
Sl. Condition of Pollination number ————_——-. ——____—_—_—_ size length 
No. of plants Mean Standard Mean Standard per seed 
studied deviation deviation ‘r’ value ‘t’ value in mm. 
1. Uncontrolled pollination 368 16-03 4-82 43-4 2:98 -+0-366* 24-73 2-707 
2.  Polycross set te 2495 13-80 6:01 44-6 5:03 +0:44* 24-9 3°231 
3. Restricted Pollination 270 11-8 4-8 42-95 6-2 +0-44* 8-08 3-639 
4. Controlled Pollination 
(females pooled) Some UD 14-07 4-6 45°77 6:8 +0°486* 7-0 3-253 
5. Controlled Pollination 
iQVI xGXI, III, IX 30 14-2 3°57 46-96 9-27. +0:35* 2:0 3-308 
ii.QV XVI, XI, IIT 30 10-1 4-58 41-1 6-33 -+0-65* 4-5 4-069 
iii.QIII x gIX, V, VI, XI 40 17-5 2:67 46:77 6:31 7 4-0-5090 3-06 2-672 
iv.QXI x V, IX, VI 30 13-8 5°89 48-90 7-14 . +0-19 1-1 3-543 
vVeeIX XOV, Vi; tl, Xt 40 14-15 4:47 46-57 °32  +0-24 1-75 3-291 
6. Uncontrolled Pollination 
(diploid) Se 200) 14-1 4-79 43-8 13-8 +0-359* 6:09 3-106 
*Significant at 5% level. 
TABLE 2 


Pooled estimates of correlation coefficients between seed number per siliqua and siltqua length 
in the different sets 


Sl. Material Pooled estimate 
No. ‘Olme 

I Females of set IV only 0-397 

2 Females of sets I, II, “WH & IV 0-42 

Shs Females of set Vv oul 0°37 

4, Females of sets I, II, II], IV&V .. 0°41 


TABLE 3 


Correlation coefficient between ovule number per ovary on the day of flower opening and seed 
number per siliqua at maturity 


SL. Material Value of — Value of 
No. le t? 
i Tetraploid foria (general) .. 291 5 any 
2. Diploid toria (general) ot O-075 6:1 


**Significant @ 1 per cent. 
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diploids are due differences in ovule numbers inherent in the females and not due to 
differences in the number of ovules that are fertilized and developed to mature seeds. 

The relationship of seed weight with siliqua size and seed number is indicated 
by the correlations given in table 4. Under total assortative pollination as obtained 
in the controlled pollinated set, a high positive correlation between seed number and 
seed weight exists which is significant at 1 per cent. level. Siliqua size, on the other 
hand, shows no correlation with seed weight. Under random mating, as obtained 
in the restricted pollinated set, no relationship is significant. It has already 
been shown that seed number and ovule number are positively highly correlated. 
Considering the fact that ovule number is determined ontogenically much 
earlier than flowering, we may conclude that seed weight shows a variation inde- 
pendent of the male parent particularly since it shows variation dependent on seed 
fertility. 


TABLE 4 


The relationship between seed fertility, fruit size and seed weight in controlled pollinated 
and restricted pollinated sets : 


Correlation between Correlation between 
‘ seed fertility and seed _ fruit size and seed Meanseed Mean fruit Mean 100 
Material weight weight fertility size in mm. seed weight 
in gm, 


/ 


‘r’ value ‘t’ value ‘r’ value ‘t’ value 
1. Females from the 
controlled pollinat- 
ed set ta 


Q-7** 3°74 —0:01 0:98 ns. 14-51 46 - 343 0+47418 
+0:°9357 0-56 +0-02283 


2. Females from the 
restricted pollinat- “ 
ed set’ .. —0°44 0-85 n.s. —0°63 1-4 ns. 11°72 43-2 0-56366 
+1:-0733 +2-495 -+0-02486 


**Significant @ | per cent. . Standard error of difference bet- 
n.s, not significant. Wer aee fertility of land 2 = 


Though the mean seed fertility in the controlled pollinated set appears to be 
somewhat higher than in the other sets, the differences are not statistically significant 
as shown by the homogeneity of the frequency distribution of all the individuals in seed 
fertility classes as shown in table 5. 


TABLE 5 
The frequency distribution of plants in different seed fertility classes (number of seeds|siliqua) 


Per cent frequency in seed fertility classes Total num- 
—— —-—— er of plants 
0-1-10-0 10-1-20-0 20-1-30:0 studied 
seeds per siliqua 


Material 


1. Uncontrolled pollinated 


(diploid) .. oF 18-6 64-8 16+1 230 
Pie EDIYCLOSS SCL y « Ne 23°5 64°5 12:0 493 
3. Restricted pollinated set .. 35 +4 59°7 5:0 263 
4, Controlled pollinated set.. 1327. 73°6 13-0 177 


2==11°52 P=0°10-0°05. 
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The solitary instance of the female XI which did not show any correlation 
between seed number and siliqua size, needs to be considered. This absence of 
correlation would imply seed number to vary independently of siliqua size. ‘Two 
situations leading to this result can be visualised. Either more seeds of smaller size 
could be packed into a siliqua of given length, or fewer seeds are farther spaced in the 
siliqua, than in the normal cases. The former would result in a lesser seed weight 
and the latter in lesser fertility. The fact that both in the restricted pollinated set and 
the controlled pollinated set the correlation coefficient was of the same order asin other 
sets indicated that the general trend of results in the females under open pollination was 
not different from that in the controlled crosses. Since in the former case all the 
females were considered together in estimating the correlation, it is likely that individual 
differences might have been obliterated. Therefore, a separate analysis of the females 
of the type XI only from the restricted pollinated set was made and the ‘r’ value was 
found to be 0-04 (not significant). Thus female X1 behaves under open pollination in 
the same way as under assortative matings of the controlled pollinated set. We may 
now examine the female XI vis a wis the possible situations visualised earlier. The 
last column in table } is relevant here. It gives the unit siliqua length per seed, a 
datum obtained by dividing the mean siliqua length by the mean seed number. A 
comparison of this ratio in the different sets on the one hand and female XI on the 
other, would show whether the absence of correlation is due to spacing differences 
inside the siliqua. It is seen that female XI has a unit siliqua length of 3-543 mm. as 
against an overall mean of 3-285 mm. The difference is less than twice the standard 
error of the mean and hence not significant. On the other hand, female XI has 
a 100 seed weight of 0:5149 + 0-251 gms., significantly lesser than, 0°5758+0-0249 
gms. of the rest of the females (standard error of difference = 0-29; difference 
between the means = 0-609). It appears, therefore, that the absence of correlation 
between seed number and fruit size in this female is a genetic characteristic (presum- 
ably smaller seed size) and not due to the male parents involved in the cross. 


Discussion 


The primary object of this study is to find out whether there is any ‘ xenia’ 
(metaxenia sensu strictu) in Brassica as reported by Singh (1957). Such an effect has 
not been reported before and the only published account of a similar study is that by 
Olsson (1960) who found no effect of the male parent on the oil content of the seeds in 
Brassica crosses. If the presumption that a metaxenia effect prevails is corrrect, it 
should be manifest as increased fruit size or seed size. Such an increase would depend 
on the male parent used; and in an experiment of the type under study, varying the 
degree of assortativeness of the matings should give rise to different relationships 
between fruit size, seed number and seed weight. The fact that such differences were 
not observed and that a uniform relationship between seed number and fruit size 
was noticed under all kinds of pollination indicates no metaxenia effects to be present. 
The high positive correlation between seed number and ovule number indicates that 
the former is determined by the genotype of the mother parent. This seed fertility 
in its turn determines the size of the fruit and both the characteristics are thus in- 
dependent of the pollen. It is known that Brassica seeds, at the mature stage, are 
made up of about 98 per cent. hybrid tissue viz., cotyledons, radicle and plumule 
(Ahuja, 1958). There is practically no endosperm and the seed coat is probably the 
only maternal tissue involved. Consequently any increase in seed size must be due to 
cotyledons or other embryonal tissue and must be attributed to hybridity and cannot 
be termed as metaxenia or xenia. Increased rate of growth or total growth of the 
embryo should fall in the category of heterosis. In the present material, however, 
no indications of heterosis in seed weight was noticed in the restricted pollinated set. 
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Among the factors that affect embryo development the important role of maternal 
factors has been recognised. In the interspecific crosses in Melilotus (with non-endos- 
permous seeds at the mature stage) the size of the hybrid embryo was found to be 
significantly correlated positively with the seed weight of the maternal parent (Long 
and Gory, 1960). Here probably a more efficient endosperm with its extra genome 
from the mother results in a larger embryo. An interesting observation in the present 
work is the positive correlation between seed weight and seed number in the controll- 
ed pollinated set. This is against general expectations. Olsson (1960) found that out 
of 15 correlations worked out between seed weight and number, in Brassica crosses, 14 
were negative. A possible explanation of the different results reported here may be 
as follows. In the case of the autotetraploid material used in this work, the genes 
controlling seed size might not have reached their ‘maximum efficiency’ and con- 
sequently further enhancement of seed size independent of seed number should be 
possible. On the other hand, in the case of the diploids, the genes for seed size having 
reached their maximum efficiency, the seed size can be enhanced only at the expense of 
seed number. 

From the foregoing it is evident that metaxenia (or ‘ xenia’ of Singh, 1957)"is 
probably not present in intra-specific Brassica crosses. This author does not specify 
whether the fruit size measured by him refers to the seed bearing portion only as in 
the present case, or includes the beak and pedicel. Even if metaxenia is present and 
results in an increase in the growth of the beak and pedicel, it can be of no 
consequence to seed yield. It has been suggested that the noticed effect was brought 
about by the diffusion of ‘‘ hormonal substances or substances analogus to them in 
the tissue of the mother plant that constitute the seed and the fruit”? (Singh, 1957). 
In as much as only the seed coat is maternal in origin, such an effect, even if present, 
would not make much difference in seed yield. It is well recognised that in the 
Brassica group of crops yield is influenced more by the number of seeds per siliqua 
than by seed weight (Schrimpf, 1954; Stolle, 1950; Olsson,1960). Since the num- 
ber of seed is a function of ovule number, which itself is determined by the genotype 
of the mother, the male parent is not likely to have any effect on seed yield. It, 
therefore, appears that there is little scope for the utilization of the phenomenon of 
metaxenia in the improvement of yield in the oleiferous Brassicas. 


SUMMARY 


This paper records the results of an attempt to find out whether any metaxenia 
effect is observed on the fruits and seeds in Brassica crosses as has been reported by 
Singh (1957). ’ . 

Data on fruit size, seed number, and seed weight were collected on females of 
autotetraploid ¢oria under pollination conditions varying from complete assortative to 
complete random matings. It was expected that metaxenia, if present, should be 
manifest as varying relationship between fruit size and seed number measured in terms 
of correlation coefficients between the two characters. 

Fruit size was found to be correlated with seed number with same magnitude and 
sign over all the different types of pollinations, the ‘r’ value being 0-4. This 
relationship was not disturbed by varying the male parent. No metaxenia effect was 
observed. 

Seed number per fruit at maturity is highly correlated with ovule number counted 
on the day of flower opening. This leads to the conclusion that seed number and 
fruit size are both dependent on ovule number which is determined ontogenically 
the earliest and by the genotype of the mother. In individual cases genetically 
determined small-seededness might disturb the correlation between seed number 
and fruit size. 
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It is concluded that there is little scope for exploiting metaxenia phenomenon 
in increasing the seed yield in oil Brassicas. 
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MEIOTIC ABNORMALITIES INDUCED BY X-RAYS IN ARACHIS HYPOGOEA 
S. H. Patm and K. CG. Bora 
Biology Division, Atomic Energy Establishment, Trombay, Bombay 


THE groundnut (Arachis hypogoea) with a somatic chromosome complement of 40 
(Husted, 1931; Patel and Narayana, 1937) is considered to be a polyploid (Darlington, 
1948), for, there are species in this group with a somatic chromosome number of 20 
(Mendes, 1947). Stebbins (1957) classifies it as a segmental allopolyploid. 

During the course of studies on the cytogenetic effects of X-rays on groundnut, 
some interesting cytological abnormalities, especially those relating to the development 
of spindles and their activity, were observed. Besides describing various types of 
meiotic aberrations and discussing their significance in microsporogenesis, a special 
reference has been made in this communication to the mechanism of formation of 
multispindles. 

It would seem from the meagre cytological data available on groundnut that 
sufficient investigations have not been carried out on the cytological aspects of the crop, 
probably because of the inherent difficulties encountered in handling such a material. 


MATERIALS AND Meruops 


Dry seeds of A. Aypogoea var. Spanish Improved, obtained from Agricultural \ 
College, Dharwar were irradiated with a series of X-ray doses ranging from 25,000 r 
to 75,000 r from a therapy type X-ray machine operating at 250 kVp, 30 mA with an 
inherent filter of 4 mm. aluminium. The seeds, arranged in a single layer, were 
placed at a distance of 18 cm. from the target and the dosage rate at that distance, 
as determined by a 100 r Victoreen chamber, was estimated to be about 2,500 r per 
minute. 

X, plants were raised in pots. The dose 75,000 r was almost lethal with only 
about 10 per cent. survival. Two plants (nos. 304 and 534) from seeds receiving this 
dose showed about 45 and 85 per cent. pollen abortion respectively. Meiosis in these 
plants was studied after fixing the flower buds in acetic alcohol (1 : 3) and squashing 
the anthers in aceto-carmine. 


RESULTS 


Control.—Observations showed chromosomal associations ranging from unis 
to quadrivalents though associations other than bivalents were infrequent (about 
0:15 per cell). A loose bivalent was invariably observed at late diakinesis in all the 
PMCs (Fig. 1). 

The spindle at metaphase 1 was straight and narrow, as a result of which the 
chromosomes lying on the spindle appeared clumped. One of the bivalents at this 
stage was seen outside the normal group in about 15 per cent of the PMCs and it 
separated precociously at late MI. AI separation of the homologues was ‘ clean’ 
except for a lagging bivalent (Fig. 2) in about 25 per cent. of the cells which, however, 
separated normally later. An interesting instance was observed in at least two PMCs 
where the homologues of laggards separated along different spindle fibres. It is 
believed that this can possibly happen when there is a segmental pairing with one of the 
distal segments of a homologue inverted in respect of spindle attachment. Chromosomal 
behaviour appeared to be normal in the subsequent divisional stages. 
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Irradiated material ; Plant no. 534.—The main stem of this plant was fasciated and 
trifurcated in the later stages of development. Variation in the development of leaves 
with number of leaflets varying from 3-7 on each leaf was noted on this stem. The 
average rate of pollen abortion in the plant was as high as 75 per cent. the range of 
variation between the normal-looking branches arising from the unfasciated part of the 
stem and the fasciated stem being 66-85 per cent. 

Diakinesis appeared to be an unfavourable stage for study because of the large 
number of chromosomes and their complex associations. Fragments and unoriented 
bivalents (Table 1), were present at MI (Fig. 3), the frequency of fragments varying 
from 1-2 and of bivalents from 1-3 per PMC. At least in two PMCs an unoriented 
multivalent of complicated nature was also noted. 


TABLE | 
Metaphase I abnormalities 
Dose—75,000 r Plant No. 534. 


PMCs with 2 
PMCs with fragments Saga Normal 
fragments and unorien- TAO Ue PMCs oe 
only ted IIs oo 
Notiof cells.) 5 16 4 26 52 
Per cent. my 9-6 30-8 I=6 50-0 100 


Homologous separation at AI was abnormal with frequent occurrence of bridges, 
fragments and laggards, and the occurrence of bridge(s) with fragment(s) at anaphase 
has been considered to be the result of some types of crossover within the inverted 
segment of paracentric inversions. Bridges and fragments were observed in as many 
as 54:5 per cent. (Table 2) of the PMCs, four having two bridges and two fragments 


TABLE 2 
Anaphase I abnormalities 


Dose—75,000 r Plant no. 534. 


PMCs PMCs with PMCs with 
with bridges, bridges bridges 
fragments and — and and 

laggards fragments laggards 


PMCs PMCs PMCs 
with with with Total 
bridges fragments laggards 


Now cele 7 5 9 4 My upton 29 
Dencent: 31-8 29-7 Od agen: oe a? as enh ea ec 


(Fig. 4) each. Each of the remaining PMCs, except two with bridges only, had 
a single bridge and a fragment (Fig. 5) presumably arising as a result of crossovers in 
an inversion loop. In cases where the bridges were without fragments it is probable 
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that the accompanying fragments were included in one or the other of the AI groups. 
due to entanglement or attachment with the normal chromatids of the homologous 
chromosomes. The fragments may also be not visible if they are overlapped by the 
lagging chromosomes. One cell was observed with a fragment but without a bridge. 
‘This may be due to three strand double crossing over, one in the loop and the other 
between the loop and the centromere. 

Lagging bivalents with frequencies varying from 1-3 per PMC were observed in 
about 94°6 per cent. of the cells, The occurrence of more than three lagging bivalents 
was rare. 

In addition to normal PMQs with four groups of chromosomes there were PMCs 
with only two (Text Figure la) groups of chromosomes. Even in PMCs with four 
groups of chromosomes, three or more spindles (Text Fig. 1, b-d) instead of two at the 
normal tetrad stage, developed around the four poles. 


Text Fic. 1. ato d. PMCs from X, plant no. 534. (Camera lucida diagrams). a. PMC at TII 
with only two groups of chromosomes and a large single spindle. b. PMC at 
TII with three spindles. c. PMC at TII with four spindles. d. PMC at TII 
with 6 spindles. 


Besides chromosomal aberrations abnormal cytokinesis was fairly frequent 
(Table III). In normal plants cytokinesis takes place only after the completion of the 
second division as in Paeonia. Partial or complete failure of cytokinesis results in tetrad 
abnormalities (Figs. 6, 7 and 8) such as monads, diads, and triads. In the present case, 
the failure of cytokinesis was not only accompanied by the usual tetrad abnormalities 
but by additional micronuclei at a frequency of 1-2 per cell. 


Fics. 1 and 2. 


Gs, B wows 
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PLATE I 


From control plant. Fig. 1. PMC at diakinesis with a loose bivalent. 
Fig. 2. PMC at AI with a lagging bivalent. 

PMCs from X, plant no. 534. Fig. 3. PMC at MI with unoriented 
bivalent and fragments. Fig. 4. PMC at AI with two inversion 
bridges and fragments. Fig. 5. PMC at AI with one inversion bridge 
and attached fragment. Fig. 6. A monad and a diad. 
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TABLE 3 


Tetrad abnormalities 


Dose—75,000 r Plant no. 534. 


Monads Diads Triads Tetrads 
= - Total 
with without with without with without with without 
micro- micro-  micro- micro- micro- micro- micro-  micro- 
nuclei nuclei nuclei nuclei nuclei nuclei nuclei nuclei 
No. of 
cells Y Di 27 38 3 15 16 114 242 


Percent. 0-9 Le Lis 1577, EZ 6°3 6-6 47-1 100 


Furthermore, there was an increase in the size of the pollen grains, the ratio 
between the irradiated and control varying from 1-0-1-5. Fused pollen grains were 
also observed (Fig. 9) 

Plant no. 304.—This plant had abnormal leaf development during the early stages 
of growth but afterwards appeared normal. The abnormal leaves had 5 imparipinnate 
leaflets unlike the paripinnate arrangement met with in the control 

Cytological abnormalities in this plant could be studied only in the second meiotic 
division. At interphase and MII there were frequently (Table 4) three groups of 
chromosomes in the PMCs (Fig. 10) instead of two as in controls and ene group was 
always distinctly smaller than the others. ‘The number of chromosomes in the smallest 
group varied between 3-8, cells with groups of 8 chromosomes being more frequent. 
At least one of the large groups had about 20 chromosomes at MII. Development 
of multispindles (Fig. 11) was also noticed in this plant. One or two unoriented 
chromosomes (Fig. 12) were seen at late MII in some PMCs. 


TABLE 4 
Metaphase II abnormalities 


Dose—75,000 r Plant no. 304. 


PMCs with 3 PMCs with 


chromosomal unoriented Normal Total 
PMCs 
groups chromosomes 
No. of cells & 10 7 20 By) 
Per cent. oe 27 18-9 54-0 100 


Persistent AI bridges have been observed in about 2-8 per cent of PMCs at AIT. 
Bridges, presumably arising due to paracentric inversions, were observed at AIT in 
about 8-6 per cent of PMCs (Table 5). 
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Puate IT 


7 8 
9 10 
11 1 
13 14 


Fics. 7-9 From plant no. 534. Fig. 7. A diad with incomplete 
wall development. Fig. 8. A triad. Fig.9. A fused 
or twin pollen grain. 

Fics. 10-14 From plant no. 304. Fig. 10. PMC at MIT with three 
groups of chromosomes. Fig. 11. PMC at TIT with 
three spindles one of which is smallest having only a 
chromosome at each pole. Fig. 12. PMC at MII with 
unoriented chromosome. Fig. 13. PMC at TII with 
four spindles around four poles. Fig. 14. PMC at TII 
with complicated spindle development. 
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TABLE 5 


Anaphase II abnormalities 


Dose—75,000 r Plant no, 304. 
PMCs with PMCs with ry with Normal rat 
bridges laggards bridge PMCs 
INowolecells sae, 3 l ] 30 35 
Per cent. a 8-6 2-8 2°8 85-8 100 


In addition to the irregularities in chromosomal orientations and bridge forma- 
tion, abnormal development of spindle was also observed in some PMCs. Unlike 
two in the control, in one cell there were three independent spindles; one of them was 
small with only a single chromosome at each pole. It seems possible that this additional 
spindle might have developed from an unoriented chromosome associated with supernu- 
merary poles or spindle organisers at MII. An interesting instance of development 
of multispindles was noted in another cell where there were four spindles with only 
four poles (Fig. 13), the spindles developing around the poles and connecting all of them. 
Among others there was one PMC with a very complicated spindle development 
(Fig. 14). It had an abnormal separation of chromosomes with 3-4 chromosomes in 
the middle of the tetrad structure resembling a pentad formation. 

Pollen abortion in this plant was about 45-6 per cent. and the range of pollen 
size variation was the same as in the control, but the pod setting was only partial. 


Discussion 


The cytological irregularities observed in the control fully substantiate the previous 
views regarding the genetic make up of groundnut. It is certain that groundnut is 
not a normal diploid but a tetraploid, perhaps with segmental interchanges. 

It is noteworthy that meiotic abnormalities such as increasing frequency of lagging 
chromosomes, failure of cytokinesis, increase in the size of pollen grains, irregular 
chromosome separation, pollen sterility, spindle abnormalities etc., commonly observed 
in interspecific hybrids can be induced by X-rays. 

It has been suggested (Janick and Stevenson, 1955) that abnormal cytokinesis 
is due to laggards at AI, but Darlington (1937) is of the view that the formation of 
cell-wall depends on spindle activity. Khoshoo (1957) is also of the opinion that the 
failure of spindle may lead to failure of cytokinesis. In groundnut, however, such 
a clear correlation cannot be established- The frequency of PMCs with abnormal 
cytokinesis was about 52-9 per cent. which, incidentally, agrees with the observations 
of Khoshoo (1957) in conifers (spontaneous aberration). The consequent effect 
observed in conifers was about 90 per cent. pollen abortion as compared to 85 per cent. 
in groundnut. It should be pointed out that the same degree of pollen abortion in 
groundnut and conifer may be, perhaps, a mere coincidence and the cause may be 
different. While the failure of cytokinesis in conifers was due to the failure of spindle 
formation, in groundnut it may be due to some action of radiation; for, clear spindle 
structure was seen at MI, AI and AIT, 
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The increase in the size of.pollen grains may be related to increased number 
of chromosomes in them (Darlington, 1937; Janick and Stevenson, 1955), resulting, 
possibly from the radiation induced failure of cytokinesis. A few fused or twin pollen 
grains, most of which aborted, were also observed. Bhaduri and Natarajan (1956) 
have also observed such pollen grains in wheat after treating with nitrogen mustard. 
They concluded that such grains developed due to sticky bridges connecting the two 
nuclei. The present observations, however, do not substantiate this. 

The occurrence of persistent AI bridges can be taken as an evidence (Darlington 
and La Cour, 1941; Carson, 1946) of the presence of inversion bridges at AI. It 
may be of interest to point out that Rhoades and Dempsey (1953) also observed AII 
bridges in 8-6 per cent. of maize PMCs. But, whereas in maize the corresponding 
rate of pollen abortion was about 22 per cent., in groundnut it was as high as 45 per cent. 
However, the high rate of pollen abortion in groundnut may not be due to bridge 
formation alone. Other abnormalities such as unoriented chromosomes at MII and 
laggards at AII may also give rise to aneuploid spores of uncertain viability. Moreover, 
since it is a plant raised from an irradiated seed, radiation may also act through 
processes other than those mentioned above (Sparrow, 1951). 

Tripolar separation of chromosomes at AI as found in groundnut has 
been observed in interspecific hybrids (Smith, 1936; Walters, 1958) and 
attributed to the development of tripolar spindle at AI. It has also been sugges- 
ted (Darlington and Thomas, 1937) that incompact spindle results in the 
divergence of groups- of chromosomes to form 3-4 TI nuclei. The occur- 
rence of abnormal spindles of a wide range observed at TII in groundnut would 
perhaps indicate that there was an abnormal development of spindle at AI also. That 
this might be so was shown by the development of 6 poles at AII. The expected 
tetrad abnormalities, such as the formation of polyads after separation of daughter 
chromosomes at AII were not observed, indicating the possibility that this type of 
separation of chromosomes was lethal. 

One of the interesting findings is the occurrence of multispindles and their 
mode of orientation. It has been assumed that spindle organizers or polar bodies 
function in association with centromeres in organising the spindle structure (Darlington 
1937; Hughes, 1951; Walters, 1958) and that the spindle is organised through the action 
of centromeres and pole determinants (Swanson and Nelson, 1942 and Mazia, 1956). 
Fankhauser (1934a) observed that in the absence of centromeres, the spindles formed 
were narrower than normal but Walters (1958) suggested that the presence of one 
centromere at least was necessary for the organization of the spindle. 

It has been considered by Schrader (1953) that the multipolar origin of spindle, 
not directly associated with chromosomes, was difficult to interpret on almost any 
basis. In the light of the above statement a classical interpretation of spindle anomalies 
in groundnut might appear to be extraordinarily difficult. But the mere assumption 
that the spindle organization necessarily required not only the polar bodies but centro- 
meres also cannot fully explain the occurrence of PMCs with three or four spindles 
around common poles. The absence of abnormal groupings of chromosomes at TII 
would obviously rule out the hypothesis of incompact spindle. 

- The presence of three or four spindles in a PMC having only four chromosomal 
groups at TII would apparently imply that two of them had developed in relation to 
two MII plates and daughter poles and the rest between sister poles. The occurrence 
of PMCs with only one large spindle at TII might possibly be due to failure of chromo- 
somes to go through AII and TII and persistence of AI spindle. 

It is known that the spindle consists of two types of fibres, one running between 
poles and the other between the pole and the centromere. It is also known that the 
spindle structure is mostly organized in the cytoplasmic substrate of a cell. It is, 
however, not certain how far the centromeric activity can influence the structural. 
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organization of the spindle. Nor, is it known, whether this affects the organization of 
fibres running between centromeres and poles alone or those between poles as well. 


SUMMARY 


Cytological investigations have been made on X, groundnut plants raised from 
seeds exposed to 25,000 r and 75,000 r of 250 kVp X-rays. The observations 
revealed that there occurred: 

(i) a large number of reciprocal translocations leading to the formation of 
chain and ring multivalents, 

(ii) inversions leading to fragmentation and bridges at AI and AII and persis- 

tent AI bridges at TII, 

(i11) abnormal spindles, sometimes with irregular chromosomal separation, 

(iv) partial or complete failure of cytokinesis leading to the formation of 

bigger pollen grains and also fused or twin pollen grains. 
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MUTATION STUDIES IN ANNUAL CHRYSANTHEMUM—I. RADIATION- 
INDUCED VARIATION IN FLOWER FORM 


H. K. Jan, A. K. Bosz, D. SarHpatuy and S. C. Sur 
Division of Botany, Indian Agricultural Research Institute, New Dethi-12 


A large number of studies have been reported in recent years on the use of radiation- 
induced mutations in the improvement of crop plants. Similar investigations on 
other groups of plants have, however, been relatively few. The present experiments 
on Chrysanthemum carinatum were undertaken, keeping in view the consideration that 
while the possibilities and limitations of this approach remain to be clearly defined 
by further work, mutations affecting one or two characters rather than the overall 
agronomic potentiality of plants can, in general, be planned with greater chances 
of success. The seed propagated annual species of Chrysanthemum, unlike the 
vegetatively multiplied perennials, are not very popular mainly because of the less 
attractive form, size and colour of their flowers. The present species has been found 
to be self-incompatible and has 18 as its diploid chromosome number. 


MATERIALS AND METHODS 


Because of the highly heterozygous condition of the plants—an outcome of their 
breeding system—Chrysanthemum carinatum presents obvious difficulties as a material 
for mutation studies. Keeping this fact in view, more than 600 control plants of the 
selected variety have been analysed for phenotypic variation, particularly in respect 
of flower form. The radiation treatment consisted of exposing the seeds to an X-ray 
dose of 15,000 r at an operating voltage of 50 kV. The 535 X, plants, obtained from 
a total of 1,000 treated seeds, were grown in the field under conditions comparable with 
those for the control material. The X, and X, progenies were raised from selected 
X, and X, plants respectively. It was found difficult to undertake control pollina- 
tions under field conditions and the X, and X, plants were therefore left to 
open-pollinate in isolation of the control material. The X, progenies, on the other 
hand, were raised from a number of selected X, plants which were control-pollinated. 

The single (1), semi-double (3-5) and double (6-14) type of flower forms have 
been classified on the basis of the number of whorls of ray-florets indicated in parenthe- 
sis. Flowers having two distinct whorls of petals were not observed although it was 
not uncommon to find single type of flowers with extra number of petals, particularly 
in the treated material. In those cases where many petals were produced without 
being arranged in distinct whorls, their number was taken into consideration for the 
purpose of classification. It has been found convenient in the following account 
to use the words flower and ray-florets interchangeably with inflorescence and petals, 
respectively. 


RESULTS 


(i) Control and the, X, plants: ‘ 


The viability of seeds following the radiation treatment was not drastically 
affected; 53-5 per cent. of them, compared with 64-5 per cent. of the controls, showed 
germination. The X, plants were as vigorous as the controls although their height 
was reduced, giving them a bushy appearance. A more characteristic radiation effect 
was observed in the lack of uniform chlorophyll distribution in the leayes of 5 per cent, 
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of the plants. As regards the more important character of flower form, nearly 4 per 
cent. of the X, plants differed from the controls in having an increased number of ray- 
florets. In only two of these plants however; the number was adequate to give the in- 
florescence a double appearance. All the control plants have been found to produce 
single type of flowers having in most cases 21 petals (Fig. 1). The control plants grown 
over different years have shown no deviation from this pattern. The single nature of 
flower form in this variety was also recorded by Mr. H. B. Singh of the Botany Division, 
I.A.R.I., who kindly supplied seeds for this study from his multiplication plot. 


(ii) Flower form variation in X, and X, generations: 


X,.—The effect of radiation treatment on flower form, indicated to some extent 
by the above observations, was exhibited more fully in the X, generation. A wide 
range of variation affecting this character was shown by a number of these plants. 
The double flowers produced by some of the X, plants were far more striking than 
those on the two X, plants, both in respect of the number and the arrangement of their 
ray-florets. As many as 14 whorls of petals were produced in some of them. In others, 
the flowers were characterised by tubular shape of their petals, a character generally 
associated with the vegetatively propagated perennial species. 

The X, population was obtained from 18 X, plants, which either showed 
semi-double or double type of flowers or other morphological abnormalities described 
above. It would have been, obviously, desirable to raise a larger number of X, 
progenies but this was not found possible on account of limitations of space. The 
X, plants, however, were left to open-pollinate and to some extent therefore, seeds 
obtained from the selected lot, with their differing genotypes, can be considered as 
representative of the population as a whole. 

Doubles.—The double type of flowers produced on different X, plants were not 
all similar. Two distinct types could be recognised. The first showed the ray-florets 
arranged in discrete whorls giving the inflorescence a regular appearance (Fig. 2). 
The second type of doubles had their petals arranged not in distinct whorls but rather 
closely crowded together resulting in a compact appearance of the inflorescence 
(Fig. 3). The increase in the number of ray-florets was found to be achieved at the 
expense of the inner disc-florets whose number was reduced. Apart from the plants 
showing double flowers, a number of X, plants produced semi-double type of in- 
florescences. 

Tubulars-—The X, plants showing tubular petals were also of two types—those 
which had all their flowers uniformly and completely tubular (Fig. 4) and others in 
which this condition was partly manifested. In the latter type, with the exception 
of a few flowers which may be completely tubular, a varying number of tubular and non- 
tubular ray-florets are present in the inflorescence. The usual pattern was that all 
the petals of the first few flowers were uniformly tubular but this condition tended to 
break down to a greater or lesser extent in the later produced inflorescences, which 
consequently are of a mixed type. 

X,.—The double and tubular type of flowers produced on the X, plants were 
reproduced in the X, progenies. The double condition in these X, plants was 
very similar to that in the X,. Both regular and compact type of double were present. 
The tubular form in the different X, plants, on the other hand, showed considerable 
variation not observed in the X, cultures. Some of the X, plants showing this 
type of inflorescence had their petals turned tubular along their entire length. Open- 
tipped or half-formed tubes were present in the inflorescences of some of the others. 


(iii) Frequency of doubles and tubulars : 


As the X, and X, parental plants set seeds under condition of open pollination, 
observations on the frequency of plants showing different type of flower forms in the 
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X,. and X, progenies are only of limited interest from the genetic point of view and 
will not be considered here. 

The X, progenies, in contrast to the X, and X3, are of greater interest as these 
were raised from selected X, plants whose pollinations were experimentally controlled, 
although the field conditions under which this was done were not very satisfactory. 
The segregation of plants showing different types of flower forms in these progenies 
is given in table 1. 


TABLE | 


Showing segregation of plants with different types of flower-forms in X, progenies 


No. of X,. plants showing different type 


X, progeny Flower form in the X, of flower forms 
No. female and male - = a 
parents Single (con- Semi- 
Erase) [Double ele Tubulars 
1 Double x Double 6 5) 4 
2 Double x Double 2 3 1] 
3 Double x Semi-Double 6 23 5 
4 Double x Semi-Double 7 22 4 
ig Semi-double x Semi- 
double 16 60 111 we 
6 Tubular x Tubular 2 sis 3 56 
7 Tubular x Tubular 8 9 49 
47 HS 147 105 


A number of X, and X, progenies from open pollinated plants are also of interest, 
though for a different reason. Some of the plants in these showed new types of flower 
forms which are obviously the result of hybridisation between double and tubular types. 
The inflorescence in these combine the double condition with tubular shape of the ray- 
florets (Fig. 5). These partly or completely tubular double flowers appear more 
attractive than either the non-tubular doubles or the tubular singles. 

The pollen and seed fertility of X,, X, and X, plants was not found to be very 
much affected compared with that in the control material. Most of the X, plants 
showing altered flower forms had over 80 per cent. pollen fertility compared with 95 
to 100 per cent. in a corresponding group of controls. Interchange heterozygosity, 
indicated by the presence of multiple associations of chromosomes, was found to be 
present in a large number of plants in the treated cultures. Multiple associations, 
however, were also found to be present in some of the control plants when a large 
number of them were analysed, although these mostly showed a single configuration 
of 4 chromosomes in contrast to the multiples of six or two multiples of four com- 
monly found in the treated group (Fig. 6). 


Discussion 
Radiation-induced changes in flower parts have. been described previously in 


a number of plants. In most cases, when the treatments were given to growing plants, 
these have been found to be due to physiological disturbances rather than to gene 
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PLATE I 


Fic. 1. Single flower form (control type) with one whorl of ray-florets « 1:5. 
Fic. 2. Mutant flower form (regular type double) x 1-4. 

Fic. 3. Mutant flower form (compact type double) x 1-8. 

Fic. 4. Mutant flower form (tubular type) x 1-2. 
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Piate IT 


Fic. 5. Mixed tubular double (recombinant) * 1-6. age 
Fic. 6. Pollen mother cell showing one multiple-association of 6 chromosomes and 6 bivalents 


1530. 


mutations (Gunckell and Sparrow, 1953; Gunckell, 1957; Johnson, 1931). Heritable 
changes affecting flower characters have been produced among other plants in tobacco 
(Goodspeed, 1929), Antirrhinum (Stubbe, 1960) and carnation (Sagawa and Mehlquist, 
1959). The present observations on annual chrysanthemum show that the X-ray 
induced changes in flower form are genetically determined. It was possible to suggest 
this from observations on the X, plants; the X, progenies provide confirmatory 
evidence. 

The more conspicuous type of doubles and the tubular flowers were first observed 
in a number of X, plants. Both these flower forms were found to be reproduced 
in the X, progenies with increased frequency. This increase can obviously be attribut- 
ed to the fact that the X, progenies were raised from selected X, plants showing 
double or tubular type flowers. ‘The X, plants on the other hand, were raised from 
X,, only a few of which had extra number of petals in their flowers. The X, progenies, 
raised as these were from selected X, plants whose pollinations were controlled, are 
of greater value, as already pointed ae in showing the nature of the induced changes 
in flower form. In these, plants haying double or tubular type of flowers for which the 
X, parents were selected predominate, thereby providing evidence that the changes 
in flower form are hereditary in nature. The occurrence of a few plants producing 
control type flowers in these progenies could be due to stray pollination. As 
has already been indicated, the field conditions under which controlled pollinations 
were Cone were not very satisfactory. Alternatively, their occurrence may be a function 
of the induced genetic changes, whose precise nature remains to be determined. 
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The induced variation in flower form may, next, be considered in relation to the 
naturally occurring variability for this character. While little is known about the course 
of evolution in the annual types, the more popular perennial or the garden varieties 
of Chrysanthemum have received considerable attention from this point of view. It is 
generally recognised that in the wild state all Chrysanthemum blooms were single flowers 
which subsequently gave rise to the double types (Wilson, 1951). It seems reasonable 
to suppose that floral variation along similar lines has occurred in annual varieties. 
Both single and double type varieties are common in C. carinatum and other annual 
species. Beyond this level, however, the perennial species appear to have advanced 
at a much faster rate. ‘The tremendous variability in flower form (conditioned by the 
number, shape and arrangement of petals) and colour characteristic of the garden 
varieties is lacking in the annual types. Coats (1956) in his * Histories of Flowers’ 
refers only to double and single type of flowers in the annual species. The tubular- 
petalled flowers, which constitute such an important class in the perennial species, 
are not commonly known to occur in the annual group. The present observations on 

-ray induced variation would suggest that partly at least this may be due to our failure 
to make suitable selections rather than to a complete lack of variation. In particular, 
the tubular character of the ray-florets in combination with the double condition, 
offers considerable scope for evolving attractive annual varieties. The single type 
of tubular flowers isolated in the X, population are not very attractive. However, 
the double tubulars, which occur in X, and X, generations as recombinants, are of 
considerable interest. 

In emphasising the range of variation in annual chrysanthemum, it is not the 
intention to suggest that this variability is in any way comparable to that in the peren- 
nial species. The two groups of varieties, although belonging to the same genus, 
seem to have acquired their variability through different mechanisms. All the garden 
chrysanthemums appear to have been derived from hybrids within a hexaploid 
complex of Chinese species, the most important of which is C. indicum (Darlington, 
1956). Dowrick (1953) from observation on several related clones, has concluded 
that variation in chromosome number in somatic tissue, arising from irregularities of 
mitotic division, has played an important part in the evolution of bud sports, particularly 
those showing new colours. The role of numerical and structural changes of chromo- 
somes in giving new types in this group has also been indicated by the studies of Sampson 
et al. (1958). Furthermore, increase in chromosome number by polyploidy has 
been found to be associated with increase in bloom size. Both C. carinatum and 
C. coronorium, the two important annual species, are diploid and sexually reproduced 
and have not had the same opportunities for the origin and preservation of variation. 


SUMMARY 


1. Radiation induced phenotypic variation including several interesting changes 
in flower form, has been described in annual chrysanthemum. 

2. Evidence based on observations on X, cultures has been presented which 
shows that the induced changes in flower shape are genetically determined. 
5 3. A recombinant form combining the tubular shape of the petals with the 
double condition has been obtained which appears more attractive than either the 
control or the induced mutant types. 

4. The results have suggested that variation in annual chrysanthemum offers 
considerable scope for selecting and synthesising new varieties. 

5. The evolutionary processes responsible for the occurrence of variation in 
annual and perennial species of Chrysanthemum have been discussed and the mechanism 
responsible for the greater flexibility characterising the latter group indicated. 
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STUDIES IN INTERSPECIFIC AND INTERGENERIC HYBRIDS OF SACC- 
HARUM—II. STAMINAL STERILITY IN CERTAIN F, HYBRIDS WITH 
S. SPONTANEUM AS THE PISTIL PARENT* 


P. A. KANnpDASAMI 


Sugarcane Breeding Institute, Coimbatore 


InsTancEs of male sterility resulting from the interaction between the cytoplasm of one 
species and the nuclear contents of others have been reported in the genus Begonia 
by Villerts (1942, quoted by Edwardson, 1956), in Nicotiana by Clayton (1950) and 
also by Koopmans (1955) in interspecific crosses between Solanum chacoense and 
S. rybinit. In the interspecific and intergeneric crosses studied by the author, staminal 
sterility appeared characteristically in certain combinations when S. spontaneum was 
the pistillate parent, confirming the findings of Raghavan (1951). In all cases, recipro- 
cal crosses gave fertile plants only. 

In the present study, varieties belonging to three species of Saccharum, namely, 
S. officinarum, S. barberi and S. robustum as well as some sugarcane varieties of hybrid 
origin (Co. 205, Co. 285, Co. 421, Co. 467, CAC 87 and POJ. 2725) were used. 
Also, a few related genera, viz., Sclerostachya, Narenga, Erianthus and Sorghum were 
crossed with §$. spontaneum. 

As many as 484 seedlings raised from 40 combinations, comprising of intraspecific, 
interspecific and intergeneric crosses with §. spontaneum as one of the parents, were 
studied. ‘The degree of staminal sterility exhibited in different combinations of parents 
was not uniform. The tendency was pronounced when S. officinarum as well as the 
related genera were used as pollen parents and absent when S. robustum was so 
used, while in the crosses, S. spontaneum x S. barberi and S. spontaneum x sugarcane 
varieties of hybrid origin, there was little or no tendency towards such staminal sterility, 
In intraspecific crosses of S. spontaneum, the progeny were found to be fertile. 

The staminal sterility appeared in varying degrees, one, two or all the three 
anthers being transformed into pistil-like structures. At times, there were apical, 
stigma-like papillae on the anthers. 

With greater and greater modification of the stamens, there was a corresponding 
reduction in the quantity of pollen produced. In spite of this, fairly regular meiotic 
divisions of the pollen mother cells and production of fertile pollen were observed 
in the unaffected portions of the anthers. In some plants, even though the anthers were 
normal, one, two or all the three anthers possessed apical stigma-like papillae. They 
were scored as plants with normal anthers. In certain crosses involving related genera, 
viz., S. spontaneum SES 184A x Sclerostachya, S. spontaneum SES 184A x Narenga, 
S. spontaneum SES 248 x Sclerostachya and S. spontaneum SES 248 x Narenga, the anthers, 
though normally developed, failed to dehisce and the pollen grains were found to be 
agglutinated. As stated above, staminal sterility was altogether absent in reciprocal 
crosses 2.¢., where spontaneum was the staminate parent. 

The expression of staminal sterility observed in these crosses was found to vary 
with the male parent. The tendency was very pronounced when either S. officinarum 
or the related genera were used as pollen parents, though there were varietal differences 
with regard to the extent of modification. It was notably absent when various 
geographical races of S. spontaneum were used as pistil parents and S. robustum as the 
pollen source. This may, perhaps, be construed as indicating a qualitative similarity 


* Part of a thesis submitted for the M. Sc. degree of the Madras University. 


ras, 
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of the S. robustum nuclei with those of S. spontaneum, at least in respect of the fertility 
loci. This is in agreement with the suggestion made by Parthasarathy (1951) that 
S. robustum is derived from a natural cross between S. officinarum and S. spontaneum. ‘The 
appreciable amount of compatibility of the §. barberi genome with the spontaneum 
cytoplasm is probably to be attributed to the presence of §. spontaneum chromosomes 
in the nuclei of the former, as suggested by Parthasarathy (1946). The very similar 
behaviour of a number of Coimbatore canes of hybrid origin is according to expectation 
as they contain spontaneum chromosomes in varying numbers. 
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109 pages, 53” x 94” (1960): 39 colour plates: Price Rs. 8-00 
(Postage Rs. 1 +50) 


DRY FARMING IN INDIA (Second Edition) 
b 


y 
N. V. Kanitxar, S. S. Srrur and D. H. GoKHALE 
“The first edition of this monograph written by N. V. Kanitkar brought 
uptodate the research work done in Dry Farming in India upto 1940. The 
present edition, with a comprehensive supplement by S. S. Sirur and 
D. H. Gokhale, gives uptodate information on important aspects of Dry Farming, 
like soils of the problem areas, the disposal of rain water, surface run-off and 
soil erosion in scarcity regions, soil moisture fluctuations and water require- 
ments of millets, etc., together with recommendations regarding soil con- 
servation and dry farming applicable to those regions. The monograph will 
prove very useful as reference and guide book for all those interested in this 
vital subject, whether scientific workers, extension agents or practical farmers. 
486 pages, 64” x 94” (1960) 8 illustrations: Price Rs. 21-00 
(Postage Rs. 3-00) 


INDIGENOUS AGRICULTURAL IMPLEMENTS OF INDIA 
(An All-India Survey) 

This All-India Survey of Indigenous Agricultural Implements provides 
an exhaustive account of the various implements used by the farmers of various 
parts of India. 

The book also contains recommendations of the survey committee, their 
general statements on representative types of Ploughs, Harrows, Hoes, Seed 
Drills, Rollers, Planks, Levellers, Ridgers and Harvesting Implements. The 
book will prove an indispensable guide to every Agriculturist, Extension Worker, 
Research Worker, Research Station, Library and will be valuable as a text book 
to students of agriculture. 

402 pages, 64” x 94” (1960) 139 illustrations: Price Rs. 10-50 (Postage 
Rs. 2:00) 

Copies available from: 


The Business Manager, 
Indian Council of Agricultural Research, 
Dr. Rajendra Prasad Road, New Delhi. 
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INFORMATION FOR CONTRIBUTORS 

"THE INDIAN JOURNAL OF GENETICS & PLANT BREEDING is a periodical for the publica- 
tion of records of original research in the field of genetics and plant breeding, and of cytology, physiology 
and other cognate sciences of sufficient importance and of such a character as to be of primary interest 
to the geneticist and the plant breeder. It will also, from time to time, contain articles summarizing the 
existing state of knowledge in the various branches of genetics and plant breeding. Papers by authors 
who are not members of the Indian Society of Genetics & Plant Breeding will not be accepted except 
in the case of invitation articles. It will be issued in parts as material and finances permit, and a volume 
will consist of one or more such parts. 

Manuscripts should be sent to the Editor. Clearness, brevity and conciseness are essential; in form, 
style, punctuation, spelling and use of italics, manuscripts should conform to the best usage in the leading 
journals published in India and abroad. Manuscripts should be typed on one side of the paper, double- 
spaced and thoroughly revised before submission as no editing or material changes in the proof stage will 
be permitted, unless the extra cost involved is paid for by the author. Numerical data and calculations 
should be very carefully checked. 

Papers should not ordinarily contain more than 6,000 words and should conclude with a brief 
summary of the principal points and important conclusions. 

The names of authors, preferably unaccompanied by their degrees, titles, etc. should be written on 
the next line after the title of the paper followed by the name and address of the institution where the 
work was done. : 

Each table should have a heading stating its contents clearly and concisely. Places at which tables 
are to be inserted, should be indicated. 

Generic and specific names should be underlined and the first reference to the latter should be 
followed by the authority. The first reference to common names of plants, etc. should be followed by 
their scientific names in parentheses. 

All references to literature should cite the name of the author, followed by the year of publication, 
the papers so referred to being collected into a list of “ REFERENCES ” at the end of the article. In 
the list care should be taken to give the titles in full, and to indicate accurately in Arabic numerals, the 
volume number, the first and last pages, and the date of each paper if published in a periodical, and the 
place and date of publication and the name of the publisher, of each independent publication. ‘The names 
of authors should be arranged in alphabetical order, and the papers under each author’s name in chrono- 
logical order. Where more than one paper by the same author appears in a single year they should be 
distinguished by a, b, ¢,...... Titles of periodicals should be abbreviated according to the World List of 
Scientific Periodicals (1952). 

Only illustrations which are of good quality and which are essential to a clear understanding of the 
paper can be accepted. Each illustration must be specifically referred to in the text. Text-figures should 
be used in preference to plates (half-tones, coloured plates not being accepted unless they are paid for by 
the author), Text-figures should be numbered in Arabic numerals, in order of their reference. Photo- 
graphs for publication should be the best obtainable, of glossy finish, unmounted and sent unfolded. They 
should be attached lightly to paper on which should be written the plate number, title of the article and 
a short identifying legend. Roman numerals should be used in numbering the plates and in referring to 
them in the text. Legends of plates should not be inserted in the text but should be placed at the end of 
the manuscript. Individual illustrations within a plate should be designated by Arabic numerals. 

Authors will receive 25 reprints without covers free; additional copies may be purchased and should 
be ordered when the proofs are returned. 

Papers forwarded to the Editor for publication are understood to be offered to THE INDIAN 
JOURNAL OF GENETICS & PLANT BREEDING exclusively. It is also understood that the authors 
have obtained the approval of the Head of their Department, Faculty or Institute in cases where such | 
approval is necessary. 

The responsibility for statements, whether of fact or opinion, rests entirely with the writers thereof, 


SPECIAL SYMPOSIUM NUMBER OF 
THE INDIAN JOURNAL OF GENETICS & 
PLANT BREEDING 


Contains the papers presented at the Symposium on “Genetics 
and Plant Breeding in South Asia” held at New Delhi in January, 
1957. Printed on superior art paper. 310 pages. 


‘This well-published report is very attractive and useful for plant 
breeders all over the world ” 's of .. Euphytica. 


“The Indian Journal of Genetics & Plant Breeding is to be 
congratulated for producing this volume of high technical excellence. 
It contains a wealth of ideas and information not only indispensable to 
workers in these and associated fields, but also to advanced students 
of Botany and Agriculture in our Universities ” .. Current Science. 


Copies can be had from: 


The Treasurer, 

Indian Society of Genetics & Plant Breeding, 
Division of Botany, 

Indian Agricultural Research Institute, 

New Delhi-12. 


Price Rs. 25/- 


Students can purchase this volume at a concessional price. 


___ Printed by S.K. Dutt at Job Press Private Limited, Kanpur and published by 
The Indian Society of Genetics & Plant Breeding, Indian Agricultural Research Institute, New Delhi. 


